LIBRARY 


^S^^Sfy, 


1895 


WEAVING 

PART    I. 


INSTRUCTION    PAPER 


1903 

AMERICAN    SCHOOL   OF   CORRESPONDENCK 
""  AT 

ARMOUR    INSTITUTE -OF   TECHNOLOGY 

CHICAGO  ILLINOIS 

V.  S.  A. 


Prepared  by 

H.   William  Nelson, 

City  and  Guilds  of  London  Institute, 

Lancashire  and  Cheshire  Institute, 

Head  of  Department  of  Weaving 

Lowell  Textile  School. 


Copyright,  jgoj,  by 
American  School  of  Correspondence 


/    -    '    I 


WEAVING. 


TWISTING    AND    DRAWING    IN    WARPS. 

In  some  mills,  so  little  attention  is  given  to  this  department 
that  it  is  no  uncommon  thing  to  see  a  warp  cut  out  of  a  loom  on 
account  of  bad  harnesses.  This  means  extra  cost  credited  to  the 
weaving  department,  for  the  man  who  generally  has  charge  of  this 
branch  is  in  turn  responsible  to  the  overseer  of  weaving.  Lack  of 
inspection  of  harnesses  when  out  of  the  loom,  or  in  the  loom  when 
a  warp  has  been  woven  out,  results  in  considerable  unnecessary  ex- 
pense. Harnesses  are  frequently  cast  aside,  which  by  means  of  a 
little  repairing  could  be  made  almost  as  good  as  new. 

A  little  tallow  brushed  on  the  wire  heddles  and  heddle  rods 
will  make  the  heddles  last  two  or  three  years  longer  than  if  they 
were  rubbed  with  oil,  and  most  certainly  longer  than  if  no  lubricant 
were  applied.  Tallow  does  not  run  as  much  as  oil ;  when  placing 
it  on  the  harnesses,  a  brush  should  be  used  that  will  apply  it  to  the 
heddles  uniformly.  When  applied  unevenly,  the  loose  fibres  which 
fall  from  the  yarn  during  the  weaving  process  cling  to  the  lumps  of 
tallow,  and  the  ends  of  the  heddles  stick  together.  This  often  causes 
the  yarn  to  break,  especially  after  a  thread  has  been  drawn  in,  owing 
to  the  heddles  not  returning  to  place. 

Another  advantage  that  a  good  tallow  has  over  oil  is  that  there 
is  less  staining  of  the  yarn  caused  by  the  oil  running  into  the  eyes 
of  the  heddles.  A  stain  woven  into  the  cloth  is  extremely  hard  to 
wash  out,  and  sometimes  does  not  yield  even  to  bleaching,  but  leaves 
a  yellow  spot.  This  of  course  means  second  quality  cloth.  By  giv- 
ing the  harnesses  the  proper  amount  of  attention,  the  iixer  can  start 
up  a  warp  in  less  time,  and  also  save  the  weaver  the  piecing  of  many 
smashes.  When  oil  is  applied  to  the  heddles  in  the  weave  room, 
twice  as  much  is  used  as  is  necessary,  and  one-half  of  it  is  gener- 
ally on  the  yarn,  with  stained  cloth  as  the  result.     It  is  a  well-known 
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fact  that  the  lack  of  care  in  the  harness  room  is  often  the  cause  of 
a  few  pieces  of  cloth  costing  one-quarter  more  than  they  should  cost, 
besides  causing  endless  trouble  in  the  weave  room  and  cloth  ware- 
house. 

If  the  small  nut  which  is  generally  placed  on  the  end  of  the 
heddle  rod  outside  the  harness  frame  is  left  off,  a  smash  is  often  the 
result ;  for  the  rod  slips  through  the  frame  and  the  heddles  drop 
into  the  yarn.  Some  heddle  rods  have  two  ridges  in  the  center  ;  if 
the  hook  which  supports  the  rod  is  not  between  these  ridges,  the  rod 
slips  out  and  a  heddle  smash  follows. 

Cotton  harnesses  require  just  as  much  care  as  wire  heddles, 
possibly  more  ;  they  ought  to  be  handled  very  carefully.  Harness 
eyes  are  often  cracked  by  careless  handling,  so  that  when  the  warp 
is  placed  in  the  loom,  the  ends  are  frequently  broken  out  by  catch- 
ing in  the  injured  eye.  Cotton  harnesses  are  always  varnished,  for 
they  give  better  results  when  they  are  very  smooth. 

Smooth  harnesses  are  to  be  desired,  even  though  they  may  be 
stiff er ;  if  the  harness-maker  does  not  brush  them  thoroughly,  espe- 
cially after  they  have  been  varnished,  or  if  by  an  oversight  they  are 
brushed  in  the  wrong  direction,  small  lumps  are  left  on  the  harnesses, 
and  these  chafe  the  yarn. 

If  the  harnesses  are  very  stiff  they  are  likely  to  crack,  and 
sometimes  the  cracks  are  so  small  that  when  the  harnesses  are  in 
the  loom,  the  cause  of  the  yarn's  breaking  out  is  not  easily  seen.  It 
is  far  better  to  spend  a  half-hour  in  thoroughly  examining  the  har- 
nesses or  heddles  before  the  warp  is  drawn  in,  than  to  have  the  warp 
go  to  the  weave  room  with  the  possibility  of  cutting  out  because  of 
their  being  imperfect. 

The  diagram  at  Fig.  44  shows  the  harnesses  and  a  method  of 
actuating  the  same  when  used  in  hand  looms.  Fig.  45  is  a  sectional 
view  of  modern  harnesses  and  heddles. 

The  counts  of  cotton  harnesses,  or  number  of  eyes  on  a  shaft, 
are  designated  as  so  many  beers  in  a  certain  number  of  inches  ;  there 
are  always  20  eyes  in  a  beer.  A  beer  is  distinguished  by  a  cord  that 
passes  on  the  outside  of  each  20  harness  threads,  and  at  the  bottom 
of  the  shaft. 

Example:  Harnesses  are  required  for  a  plain  cloth  30  inches 
wide  and  72  ends  per  inch  in  the  reed.     Two  shades  are  necessary 
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Fig.  44.     Handloom  Mechanism. 
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in  making  plain  cloth,  and  we  should  use  a  36  reed,  two  ends  in  a 
dent.  Each  shade  or  harness  shaft  would  then  have  on  it  36  har- 
ness eyes  in  one  inch.  36x30=:  1,080  harness  eyes.  1,080^ 
20  =  54  beers.  It  is  customary  to  add  extra  eyes  for  the  selvedge 
threads,  so  that  the  harnesses  would  be  ordered  as  follows :  One  set 
of  harnesses,  two  shades,  with    554-  beers  in    30S-  inches,  or  1,104 

eyes  on  each  shaft ;  the  depth  of  harnesses 
to  be  10  inches. 

When  calculating  for  cloth  that  re- 
quires 3,  4,  5,  or  more  shades,  the  number 
of  ends  in  the  warp  apart  from  the  selv- 
edges are  divided  by  the  number  of  shades, 
the  result  is  again  divided  by  the  num- 
ber of  ends  in  a  beer.  When  calculating 
for  spaced  harnesses,  such  as  are  used  for 
striped  patterns,  the  width  of  the  stripes 
determine  the  number  of  eyes  on  each 
shaft. 

Example :  A  satin  and  plain  striped 
cloth,  28  inches  in  the  reed,  40^  reed; 
plain  stripe  to  have  60  ends  in  f  of  an 
inch  ;  satin  stripe  to  have  50  ends  in  i 
inch :  5-harness  satin  weave.  It  is  best 
to  have  a  striped  cloth  finished  with  both 
edges  alike  ;  that  is,  if  the  stripe  near  the 
selvedge  on  one  side  is  plain,  the  stripe 
near  the  other  selvedge  ought  to  be  plain 
also.  Consequently  the  above  pattern,  to 
have  equal  edges,  would  start  on  one  side 
with  I  of  an  inch  of  plain,  then  i-iiich 
satin.  The  full  pattern  of  |-inch  plain  and  i-inch  satin  would 
then  be  repeated  27  times,  and  there  would  be  |  of  an  inch  of 
plain  left.  This  would  make  both  edges  equal.  The  plain  shades 
would  be  ordered  as  follows  :  Two  shades,  knit  15  eyes  on  |-  of  an 
inch,  drop  i  of  an  inch ;  then  commence  with  full  pattern.  Knit 
30  eyes  on  |  of  an  inch,  drop  ^  inch,  and  repeat  the  full  pattern  27 
times.  Finish  with  15  eyes  on  |  of  an  inch.  The  satin  would  be 
5   shades  ;  miss  |-   inch,  then  commence  with  full  pattern,  knit  1  0 


45.  Sectional  view  of 
Harnesses. 
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eyes  on  |  of  an  inch,  drop  |  of  an  inch.  Repeat  the  pattern,  or  the 
knit  spaces  28  times.  Sometimes  the  spaces  are  marked  off  on  the 
harness  shaft,  as  a  guide  to  the  knitter.  The  number  of  yards  on 
all  of  the  shades  would  be:  plain,  1,680  ;  satin,  1,400  ;  total,  3,080. 

Casting  out  is  often  resorted  to  in  mills  where  cotton  harnesses 
are  used  extensively.  Casting  out  means  not  using  a  certain  number 
of  eyes,  so  that  a  set  of  harness  shades  can  be  used  for  a  coarser 
reed  than  they  were  intended  for  when  first  knit.  This  often  saves 
the  purchasing  of  a  new  set  of  harnesses,  but  they  are  not  as  con- 
venient for  the  weaver  when  threads  break  out,  necessitating  greater 
care. 

Example  :  A  set  of  harnesses  has  36  eyes  to  the  inch,  and  is  to 
be  used  with  a  30^  reed,  so  that  there  are  6  eyes  per  inch  more  than 
are  required.  It  is  best  in  such  a  case  to  cast  out  these  eyes  every 
half-inch,  because  casting  out  6  eyes  together  would  cause  too  wide 
a  space.  When  the  harnesses  are  placed  on  the  frame,  30  ends  are 
drawn  in,  15  on  each  shade,  then  6  eyes  are  cast  out,  3  on  each 
shade  ;  this  order  is  followed  out  to  the  end  of  the  warp. 

Cotton  harnesses  give  the  better  results  ;  they  are  easier  on  the 
yarn,  because  they  yield  somewhat  to  its  tension ;  and  also  because 
there  is  a  smaller  loss  of  elasticity  from  the  yarn,  than  there  is  by 
the  use  of  wire  heddles.  Cotton  harnesses  are  more  costly  than 
wire  heddles  ;  when  used  for  fancy  stripes  they  can  be  used  only  for 
one  particular  pattern  or  one  that  is  similar,  whereas  wire  heddles 
can  be  used  on  any  number  of  patterns. 

Twisting  and  Drawing  In.  Twisting  in  a  warp  means  con- 
necting the  ends  of  a  new  warp  to  the  ends  remaining  from  a  former 
warp  that  has  either  been  woven  out  or  cut  out.  The  twists  are 
drawn  through  the  eyes  of  the  harnesses  or  heddles,  also  through 
the  reed  ;  the  warp  is  then  ready  for  weaving.  The  lower  sketch  in 
Fig.  46  shows  the  actual  position  of  the  threads  when  being  "  twisted." 
The  upper  sketch  shows  the  position  which  they  assume  when  the 
opperation  has  been  completed. 

Drawing  in  the  "warp  means  drawing  one  or  more  ends  through 
one  eye  of  the  harness  or  heddle  at  one  time,  and  continuing  this 
until  all  of  the  warp  threads  have  been  drawn  through  their  respec- 
tive eyes  ;  the  ends  are  then  drawn  through  the  reed  and  the  warp  is 
ready  to  be  placed  in  the  loom. 
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The  question  as  to  whether  it  is  cheaper  to  draw  in  warps  or 
twist  them  in,  is  one  that  can  only  be  decided  by  the  class  of  fabrics 
woven  and  the  circumstances  surrounding  the  mill.  Some  overseers 
seem  to  be  prejudiced  against  either  one  system  or  the  other.  Draw- 
ing in  the  warp  is  the  better  in  mills  where  there  is  constant  changing 
of  patterns,  and  is  in  fact  quite  necessary  ;  one  or  two  twisters  are, 
however,  generally  employed,  besides  those  who  draw  in  the  warps. 

Twisters  are  more  generally  employed  in  mills  where  patterns  are 
repeated  for  two  or  more 
warps,  and  especially 
where  striped  fabrics  are 
woven ;  also  in  mills 
where  two  or  more  warps 
are  required  to  produce 
certain  fabrics.  When 
several  warps  are  used, 
one  of  them  is  likely  to 
be  woven  up  before  the 
others ;  then  of  course  a 
new  warp  is  twisted  in. 
out  of  the  loom. 

In  mills  where  nothing  but  plain  cloth  is  woven,  it  is  generally 
a  question  of  competent  or  incompetent  employees,  as  to  whether 
twisting  is  more  profitable  than  drawing  in. 

So  far  as  is  possible  a  warp  should  be  drawn  in  the  reed  equally, 
that  is,  if  any  part  of  the  reed  is  left  vacant,  the  spare  dents  should 
be  equal  in  number  on  each  side  of  the  warp.  This  helps  to  make ' 
a  better  selvedge  than  if  all  the  spare  dents  were  on  one  side,  be- 
cause the  wider  the  space  from  the  selvedge  to  the  box,  the  more 
slack  filling  there  is  to  be  drawn  through  the  shed,  and  to  get  this 
through  so  as  to  make  a  good  selvedge,  more  power  must  be  applied 
to  the  pick  from  that  side.  The  pattern  determines  the  number  of 
wire  heddles  that  are  to  be  placed  on  each  harness  frame. 

Example:  A  warp  of  2,490  ends  has  been  made,  and  the 
cloth  is  to  be  a  shaloon  twill  (cotton)  or  cassimere  (woolen),  in  other 


"  Twisted  "  Warp  Yarns. 


This  saves  the  cost  of  taking  the  pattern 


words  a 


twill.    This  will  be  a  solid  cloth,  no  stripes  in  it.    Such 


a  twill  requires    but  4  harnesses  to    weave  it,   but    better   results 
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would  be  obtained  by  using  8  harnesses,  because  there  would  then  be 
less  crowding  of  the  heddles,  which  is  an  advantage.  When  a  solid 
cloth  is  to  be  made,  the  total  number  of  ends  are  divided  by  the 
number  of  harnesses,  and  the  result  gives  the  number  of  heddles 
to  be  placed  on  each  shaft.  It  is  customary  to  allow  a  number  of 
extra  heddles  for  the  selvedge,  and  the  cloth  appears  better  if  the 
selvedges  are  drawn  in  to  form  a  different  weave  from  that  of  the 
body  of  the  cloth.  2,490  -^  8  =311  with  2  over.  If  315  heddles 
are  placed  on  each  shaft,  these  will  allow  for  both  the  warp  and 
selvedge  threads.  When  a  striped  fabric,  the  easiest  method  is  to 
examine  the  drawing-in  draft  which  is  generally  marked  for  one 
pattern.  Multiply  the  threads  shown  on  the  draft  for  each  harness, 
by  the  number  of  patterns,  and  this  will  give  the  number  required. 
Example  :  —  For  drawing  draft  (see  Fig.  47.) 


*;s;i;i;*;i2 


Fig.  47.    Drawing  Draft  for  11  Harnesses. 


54  ends  in  a  pattern.    46  patterns.     54x46  =  2,484  ends.    Heddles 
required  on  each  shaft. 

Harness  No.  11  — 138  heddles, 

"  10  —  184 

"  9—184 

"  8  —  184 

"  7—184 

"  Tj  — 184 

"  5—184 

'•  4  —  184 

'*  3—92 

« <  2 ,506 

,,  , ^gQ        ,,      I  add  a  few  extra  heddles  for  selvedge. 

Better  results  are  obtained  by  having  4  harnesses  instead  of  2 
for  the  plain  stripe.  If  these  are  added,  it  is  necessary  only  to  divide 
the  number  on  each  shaft  by  two. 
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Fig.  48.     Modern  Interchangeable  Plain  Loom. 


THE    PLAIN    POWER    LOOM. 

There  are  macy  kinds  of  plain  power  looms  on  the  market,  but 
at  the  present  time  the  demand  for  such  a  diversity  of  cloth  neces- 
sitates so  much  changing  in  mills  that  a  loom  should  be  bought  in 
which  is  taken  into  consideration,  this  diversity  of  fabrics.  There  are 
looms  which  will  weave  the  best  of  plain  cloths,  but  which  are  not 
adapted  even  for  sateens  or  twills,  without  reckoning  fancy  cloths 
woven  by  means  of  a  dobby,  unless  great  expense  attends  the  chang- 
ing over. 

In  buying  looms  a  great  deal  more  depends  upon  their  build 
with  regard  to  production  than  is  generally  taken  into  consideration, 
for  a  loom  that  will  run  for  several  months  and  then  remain  almost 
continually  out  of  order  is  of  little  value.  There  are  a  number  of 
looms  of  this  kind  on  the  market  to-day.  At  first  they  appear  to  be 
very  light-running  looms,  their  cost  being  a  trifle  less  than  the  some- 
what heavier  ones.  After  these  light  machines  have  been  running 
about  twelve  months  new  castings  are  required  frequently,  and  as  is 
generally  the  case,  a  badly  constructed  loom  has  a  number  of  large  cast- 
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ings  in  its  makeup  ;  therefore,  when  a  small  portion  wears  out  a  large 
portion  has  to  be  replaced,  necessitating  repairs  costing  two  or  three 
times  more  than  those  of  a  properly  constructed  loom.  It  does  not 
necessarily  mean  weakness  when  several  parts  are  bolted  together 
instead  of  being  cast  in  one  large  piece;  for  there  are  several  motions 
that  could  with  profit  be  made  in  small 
sections,  instead  of  in  one  solid  piece.  If 
small  sections  are  fitted  and  bolted  to- 
gether properly,  they  would  add  to  the 
better  running  of  the  loom,  and  it  would 
cost  less  to  replace  a  worn  part.  For  ex- 
ample :  it  is  much  better  to  have  the 
bracket  or  lugs,  separate  from  the  crank- 
pin  than  to  have  the  pin  cast  with  the 
bracket ;  for  by  means  of  the  former  con- 
struction the  pin  can  be  readily  replaced 
when  worn,  while  with  the  latter  way  the 
bracket  must  be  replaced  also. 

In  some  looms  the  lower  portion  of 
the  lay  sword  (as  in  Fig.  49)  is  large 
enough  to  have  a  hole  drilled  in  it, 
through  which  the  rocker  shaft  passes. 
This  necessitates  useless  expense,  for 
when  repairing,  it  often  requires  the  labor 
of  two  persons  to  remove  the  rocker  shaft, 
one  to  twist  and  turn  the  shaft  to  get  it 
out,  and  the  other  to  keep  the  further  lay 
sword  perpendicular,  for  if  it  moves  in 
the  least  it  binds  the  shaft.  This  part 
constructed  in  the  following  manner  is 
repaired  in  much  less  time:  (see  Figs.  50 
and  51).  If  the  lower  portion  of  the  lay 
sword  is  bolted  to  a  bracket,  which  is  set- 
screwed  to  the  rocker  shaft,  it  is  a  com- 
paratively easy  matter  to  loosen  the  bracket  from  the  lay  sword  and 
to  then  loosen  the  boxes  of  the  shaft  and  draw  it  out.  The  shaft 
cannot  bind,  so  there  is  no  need  of  using  an  extra  man's  time. 

The  pick  cams  can  be  made  in  two  parts,  aside  from  the  point 


Fig.  49.     Lay  Sword  with 
Rocker  Shaft  Connections. 
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or  nose.  A  circular  plate  is  compounded  with  the  boss,  and  through 
which  the  shaft  passes,  this  portion  being  fixed  to  the  shaft.  At- 
tached to  this  fixed  portion  should  be  the  outer  portion  of  the  cam, 
which  comes  in  contact  with  the  picking  cone.  This  being  separate 
from  the  fixed  plate  can  be  moved  backward  or  forward,  as  the  case 
demands,  to  give  an  early  or  late  pick.  It  is  the  constant  loosening 
and  tightening  of  the  set  screws  that  fasten  the  cam  to  the  shaft 
which  cause  trouble,  although  if  the  set  screws  are  cupped  and 
chilled,  they  bite  the  shaft  and  there  is  less  difficulty  than  when 
ordinary  set  screws  are  used. 


□ 

D 


.n. 


c± 


Figs.  60  and  51.     Two  part  Lay  Sword. 


Fig.  52,  another  style  of  sectional  pick  cam,  when  cast  in  the 
right  manner,  is  a  fine  cam,  but  costly  when  the  draughtsman  does 
not  understand  the  work  it  has  to  perform.  There  are  other  matters 
of  a  similar  nature  that  will  be  explained  later. 

These  are  essential  points  to  be  considered  in  connection  with 
looms,  and  if  not  carefully  considered  will  result  in  a  loss  of  pro- 
duction and  a  consequent  increase  in  cost  of  same.  Any  loom  that 
is  frequently  out  of  repair  means  a  loss  caused  by  its  standing,  and 
also  loss  of  attention  that  the  other  looms  require ;  moreover,  the 
cloth  produced  by  such  a  loom  is  not  up  to  requirements. 

Some  of  the  disadvantages  attendant  upon  changing  over  a  loom, 
from  plain  goods  to  a  3-harness  twill,  which  is  not  fitted  with  an 
auxiliary  shaft,  are  here  set  down.  An  ordinary  plain  loom  cannot 
be  changed  to  weave  the  twill  until  an  auxiliary  or  sleeve  shaft  has 
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been  fitted  on,  and  before  commencing  this  all  the  running  parts 
of  the  loom  must  be  loosened.  A  practical  man  knows  what  this 
means,  and  especially  if  he  has  ever  been  troubled  with  his  picking 
motion.  Even  then  most  looms  are  not  built  with  space  enough 
to  allow  for  the  change,  the  depth  of  the  loom  from  breast  beam 
to  whip  roll  being  insufficient.  If  an  attempt  is  made  to  weave 
sateens  the  movement  of  the 
lay  is  not  sufficient,  and  the 
crank  shaft  must  be  changed 
for  one  with  a  larger  crank  ; 
otherwise,  in  a  sateen  cloth  of 
120  picks  per  inch  or  more,  a 
very  small  shuttle  will  have  to 
be  used  or  the  side  ends  will 
be  broken  frequently.  Then 
again  a  stronger  pick  is  re- 
quired to  force  the  shuttle 
across  the  lay  before  the  shed 
closes.  These  objectionable 
points    are    all  prevented  by 

buying  looms  that  are  built  with  the  expectation  of  being  changed 
over  to  weave  any  ordinary  fancy  cloth,  even  if  the  addition  of  a 
dobby  head  be  necessary.     (See  Fig.  53.) 


Fiff.  52.     Sectional  Pick  Cam. 


SHEDDING    MOTION. 

The  build  of  the  shedding  cams  greatly  influences  the  rest  of 
the  working  parts  of  the  loom.  Too  little  attention  is  given  to  these 
essentials  in  consideration  of  the  return  which  is  expected  from 
them.  It  is  impossible  to  get  good  returns  from  an  imperfect 
source ;  and  it  is  well  known  that  if  the  harnesses  are  working  dis- 
proportionately, poor  results  will  ensue.  Unequal  shedding  is  the 
cause  of  endless  trouble  both  to  fixer  and  weaver,  and  the  cloth 
resulting  therefrom  is  hot  fit  for  sale  as  firsts.  The  greater  care 
should  be  taken,  not  only  in  the  construction  of  the  cam,  but  in  the 
fitting  of  the  cam  to  the  requirements  of  the  cloth  to  be  woven.  On 
some  cloths  very  little  dwell  of  the  harnesses  is  necessary ;  simply 
have  the  shed  well  opened  a  sufficient  length  of  time  to  allow  the 
shuttle  to  pass  wholly  through.     A  very  short  dwell  of  the  harness 
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is  better  for  the  yarn,  as  there  is  less  actual  strain  upon  it  when  the 
shed  is  opened  gradually  than  when  it  is  suddenly  opened. 

The  term  "dwell"  means  the  effect  of  that  portion  of  the  cam 
which  keeps  the  harness  at  rest  for  a  certain  part  of  one  revolution 
of  the  crank  shaft,  and  during  a  portion  of  which  time  the  shuttle  is 
passing  through  the  shed. 


Fig.  53.     Open  Front  of  Loom  Showing  all  Motions  Connected. 

Although  the  shedding  motion  is  the  first  principal  movement, 
it  must  be  so  constructed  that  it  will  conform  to,  and  be  on  time 
with  the  second  principal  movement,  picking.  Hence  the  reason  for  a 
certain  amount  of  the  revolution  of  the  crank  shaft  being  spoken 
of  as  a  dwell  of  the  harness. 

The  shedding  motion  is  the  first  of  the  three  principal  move- 
ments in  weaving.  The  parts  of  the  motion  for  the  plain  loom  are 
shown  in  the  diagram  at  Fig.  54,  and  are  as  follows  : 


A  Shedding  Cams 

B  Treadles 

B'  Treadle  Pin 

C  Treadle  Bowl 

D  Bottom  Harness  Straps 


D'  Top  Harness  Straps 

E  Harness  Roller  and  Set  Collars 

F  Lambs  or  Harness  Jacks 

G  Back  Harness 

H  Front  Harness 
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The  shedding  cams  are  fixed  in  such  a  position  on  the  cam  shaft 
that  they  will,  when  in  motion,  operate  the  treadles.  The  sketch 
represents  two  cams  used  in  making  plain  cloth ;  as  one  treadle  is 
depressed  by  the  extended  portion  of  the  cam,  A,  the  other  treadle 
is  raised,  and  for  the  next  pick  the  opposite  takes  place.  That  is, 
the  harness  that  was  first  depressed  is  raised,  and  the  one  that  was 
raised  is  depressed,  the  extended  portion  of  the  cam  pressing  it  down. 
This  action  of  the  treadles  is  due  to  the  manner  in  which  they  are 
connected,  as  shown  in  the  sketch.     The  back  harness  strap  is  con- 


Fic^.  54.     Shedding  Motion. 

nected  with  the  treadle  that  is  raised,  and  at  the  top  it  is  attached 
to  the  lamb,  F.  This  lamb  is  connected  with  the  bottom  of  the 
harness,  G,  by  means  of  a  hook ;  the  top  of  the  harness  is  connected 
by  a  similar  hook  to  the  top  harness  strap  D.'  This  strap  is  fastened 
to  the  large  set  collar  on  the  harness  roller  E.  The  front  harness 
connections  are  the  same  as  those  of  the  back  harness,  with  the 
exception  that  the  lower  strap  is  nearer  the  end  of  the  treadle,  and 
instead  of  the  top  strap  passing  round  the  roller  from  the  back,  it 
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p-oes  over  the  front  of  the  roller,  and  is  fastened  to  the  small  set 
collar.  Being  arranged  in  this  manner,  as  one  treadle  is  depressed 
the  strap  that  is  connected  with  that  treadle  is  unwound  from  the 
collar,  while  the  strap  attached  to  the  harness  that  is  connected  with 
the  raised  treadle  is  wound  on  the  collar.  This  order  is  carried  out 
while  the  loom  is  in  motion. 

Cams  Adapted  to  Different  Kinds  of  Work.      There  are  four 
kinds  of  cams  :  the  eccentric   or 
circular  cam,  i  dwell  cam,  i  dwell 
cam,  I  dwell  cam. 

The  i,  I  and  |  used  with 
reference  to  these  cams  means 
that  that  portion  of  a  revolution 
of  the  crank  shaft  is  allowed  in 
each  case  for  the  harness  to  dwell 
or  to  be  practically  stationary. 

Fig.  55  shows  a  cam  that 
is  not  very  extensively  used,  as 
it  requires  great  skill  on  the  part 
of  the  fixer  to  handle  it  in  the 
loom,  for  all  working  parts  must 
be  timed  to  exactness.  As  will 
be  noticed  by  the  shape  of  the 
cam,  there  is  no  dwell  or  rest  of  the  harnesses 
moving,  but  there  is  also  the  least  possible  strain  on  the  yarn,  for 
there  is  no  quick  movement  to  be  made  in  order  to  make  up  for  a 
rest  at  some  part  of  the  revolution.  The  tenderest  and  finest  of 
yarns  can  be  woven  by  such  cams,  but  it  is  necessary,  unless  a  very 
small  shuttle  is  used,  to  have  a  little  larger  shed  so  that  the  shuttle 
will  go  through  on  time.  This  shows  where  the  skill  in  fixing  is  re- 
quired; the  setting  of  the  pick  motion  must  be  in  perfect  time 
with  the  shed,  so  that  the  shuttle  will  not  rub  unduly  against  the 
selvedge  threads. 

Fig.  56  shows  a  cam  with  a  dwell  of  4  the  revolution  of  the 
crank  shaft.  Under  ordinary  circumstances  this  is  about  the  short- 
est dwell  that  can  practically  be  used,  and  then  only  when  the 
commonest  grades  of  cloth  are  being  woven  and  with  poor  yarns 
that  it  is  used  in  the  loom.     If  it  is  not  in  good  time  with  the 


Fig.  55.     Circular  Cams. 


they  are  constantly 
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pick  motion  there  will  be  poor  selvedges,  the  threads  breaking  fre- 
quently; also  more  power  is  required  to  drive  the  shuttle  across  the 
lay,  for  on  coarse  cloths  a  large  shuttle  is  necessary  in  order  to  hold 
a  reasonable  amount  of  filling. 

A  very  practical  cam  one-half  dwell,  is  shown  at  Fig.  57,  and 
which  is  applicable  to  almost  all  cases.  It  gives  ample  time  for 
the  shuttle  to  go  through  the  shed,  the  change  of  the  harness  is  not 
as  sudden  as  to  unduly  strain  the  yarn,  the  timing  of  the  shed  can 


Fig.  56.     Plain  Cam,  '3  Dwell. 


also  be  changed  to  suit  the  different  cloths  that  are  made,  and  still 
further,  a  cloth  can  be  made  of  which  one  side  is  softer  than  the  other. 
The  filling  thus  becomes  more  prominent  on  one  side  than  the  other. 
This  is  known  as  "  cover"  on  cloth. 

A  cloth  with  cover  has  a  more  finished  appearance  on  one  side 
than  the  other.  It  also  has  a  softer  feel  on  one  side,  because  the  fill- 
ing predominates  on  that  side.  This  apparently  small  matter  does 
not  receive  the  attention  it  should,  but  it  can  be  unhesitatingly 
stated  that  a  cloth  with  cover  is  of  greater  value  than  a  bare  or  ordi- 
nary cloth,  though  both  may  be  of  the  same  structure.  Whether 
the  cloth  is  to  be  printed  on  one  side  before   it  is  sold    over  the 
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counter,  napped  on  one  side,  or  sold  as  bleached  or  gray  calico,  its 
value  will  be  increased  because  the  printed  figure  will  show  better, 
the  nap  or  fuzz  will  be  longer,  and  the  cloth  will  be  more  pleasing 
to  the  eye  and  the  touch  when  the  buyer  examines  it. 

Fig.  58  shows  a  cam  that  is  used  principally  on  broad  looms,  and 
then  only  when  the  warp  is  made  of  strong  yarn,  for  as  this  cam 
causes  a  long  dwell  of  the  harness,  there  must  necessarily  be  a  very 
quick  change  to  compensate  for  the  time  expended.  This  sudden 
strain  on  the  yarn  plucks  it  somewhat,  and  would  cause  soft  yarns  to 
break.     If  the  sizing  compound  has  not  laid  the  fibres  properly  the 


Fig.  57.     Plain  Cams,  Y^  Dwell. 

yarn  sometimes  clings  to  the  shed ;  to  overcome  this,  a  two-thirds 
cam  is  used,  because  the  sudden  opening  of  the  shed  draws  the  ends 
apart.  The  yarn  should  have  been  made  from  good  stock  or  it  will 
not  stand  this  extra  strain. 

Result  of  Unequal  Cams.  If  the  stroke  of  the  cam  or  the 
amount  of  lift  given  to  the  harnesses,  is  not  considered  when  chang- 
ing from  one  fabric  to  that  of  an  entirely  different  nature,  in  point 
of  coarseness  or  fineness  of  yarns,  the  result  will  be  disastrous.  The 
cams  are  either  too  large  or  too  small,  straining  the  yarn  by  too  large 
a  shed,  or  making  poor  cloth  by  having  too  small  a  shed.     If  the 
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shed  is  too  large  there  is  too  much  friction  in  the  working  parts  of 
the  shedding  motion,  and  the  loom  requires  more  power  to  drive  it. 
When  the  shed  is  too  small  the  shuttle  flies  out  frequently,  the 
cloth  is  rough  looking  because  the  filling  cannot  be  drawn  through 
properly,  and  bunches  up  in  the  shed  ;  the  selvedges  are  also  very 
poor  on  this  account. 

The  reason  for  changing  cams  is  obvious  ;  when  weaving  fine 
yarns  or  using  fine  filling,  the  smallest  shuttle  that  can  be  used  prac- 
tically in  the  loom  is  the  best,  for  a  smaller  shed  can  be  made,  and 
the    finer  filling  is  generally   spun    on  a  small  bobbin    or  a  small 


Fig.  58.     Plain  Cam,  2^  Dwell. 


cop.  The  finer  the  yarn  the  greater  the  quantity  that  can  be  placed 
in  a  given  space.  When  coarse  filling  is  used  it  is  best  to  have  as 
large  a  shuttle  as  possible  in  order  that  the  loom  may  run  a  longer 
time  without  changing  for  a  fresh  bobbin.  If  the  cop  or  bobbin 
were  only  large  enough  to  fit  a  shuttle  1^  X  l]^  inches,  the  loom 
would  run  but  a  few  minutes  before  more  filling  were  required,  thus 
causing  a  greater  percentage  of  stoppages  than  necessary.  This,  of 
course,  means  a  loss  of  production.  A  decided  advantage  is  to  be 
gained  by  changing  the  shuttle  to  suit  the  fabric  that  is  being  woven, 
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provided  there  is  a  considerable  difference  in  the  counts  of  yarn.  If 
coarse  yarns  of  a  fairly  good  quality  are  being  woven,  it  is  far  better 
to  invest  in  a  few  shuttles  that  are  1|  X  If,  and  that  will  hold  a 
7-inch  bobbin,  than  to  use  smaller  shuttles  that  will  only  hold  a  61- 
inch  bobbin.  The  increase  of  running  time  for  the  loom  will  more 
than  compensate  for  the  cost  of  the  shuttles.  So  with  the  changing 
to  the  smaller  one,  if  finer  yarns  are  being  woven,  the  smaller  shuttle 
will  travel  more  freely  through  the  shed,  consequently  less  power  is 
required  to  drive  the  shuttle. 

Relation  of  the  Treadle  Bowl  to  the  Cam.  The  treadle  bowl 
plays  an  important  part  in  correct  treading.  The  size  of  the  bowl 
will  cause  the  yield  of  an  even  or  uneven  cloth  in  proportion  to  the 
cam.  It  also  has  an  influence  on  the  weaving  of  the  yarn.  When 
a  small  bowl  is  used  the  harness  always  jumps,  or,  in  other  words 
does  not  run  smoothly.  This  is  anything  but  desirable,  because  the 
yarn  is  plucked  and  this  frequently  causes  thin  places  in  the  cloth. 
A  small  bowl  is  as  bad  as  a  rusty  bowl  or  a  worn  plug  (wood  plugs 
are  sometimes  used  on  looms  in  place  of  the  iron  bowl)  these  being 
two  of  the  worst  features  met  with  when  shedding  by  means  of 
cams.  The  defect  arising  from  a  small  bowl  becomes  very  conspicu- 
ous when  there  is  a  large  boss  on  the  cam,  i.e.,  the  portion  that  en- 
circles the  shaft.  This  causes  a  too  pronounced  depression  on  the 
cam  where  the  rise  commences ;  the  small  bowl  drops  into  this,  and 
their  is  a  slight  locking  of  the  motion,  which  causes  a  jump. 

A  small  bowl  also  shows  its  defect  when  the  cam  is  made  with 
a  steep  or  quick  rise ;  instead  of  the  speed  being  gradually  developed, 
there  is  a  quick  and  sudden  turn  from  the  rise  of  the  cam  to  the 
dwell. 

A  bowl  of  I  or  1  inch  radius  gives  the  best  results,  that  is, 
for  an  outside  or  negative  cam,  but  for  a  shell  cam  the  size  of  the 
bowl  is  governed  by  the  size  of  cam,  leverage  of  the  harness  lever, 
and  space  at  the  loom,  although  on  some  looms  the  bowl  is  so  small 
that  one  can  see  the  harness  lever  jump.  A  small  bowl  and  the 
stud  on  which  it  rests  in  a  shell  cam  do  not  last  half  the  time  they 
should,  both  frequently  wearing  out.  When  they  are  worn,  poor 
shedding  is  sure  to  follow,  and  also  added  strain  on  the  straps  or 
cords  that  connect  the  harnesses  to  the  levers  ;  for  as  the  harness  is 
actually  controlled  by  the  bowl  and  stud  working  in  the  lines  of  the 
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cam,  there  is  a  loss  of  lift  when  the  harness  is  raised,  and  a  loss  in 
depression.  To  overcome  these  losses  it  is  common  to  tighten  the 
connections;  but  no  matter  how  much  they  are  tightened,  there  is 
never  as  good  a  shed  as  when  the  bowl  and  stud  are  in  good  condi- 
tion. 

rieasurements  of  5hed.  Before  constructing  a  cam  it  is  well 
to  determine  the  amount  of  stroke  required  to  lift  the  harnesses  the 
requisite  number  of  inches  (Fig.  59.)  If  the  harnesses  are  to  be 
lifted  4  inches,  what  stroke  of  cam  would  be  required  ? 


Fig.  59.     Measurement  of  Shed. 


Length  of  treadle  from  pin  A  to  point  of  connection  of  harness 
strap  B,  is  24  inches.  Pin  A  to  treadle  bowl  C,  1 5  inches  ;  required 
lift  of  the  harness  so  as  to  give  that  space  in  the  harness  at  D,  4 
inches. 

Eule :  To  find  length  of  stroke,  multiply  the  distance  between 
the  treadle  bowl  and  the  connection  of  the  treadle  to  the  strap,' by 
the  requisite  distance  at  the  front  harness  between  its  eyes  when 
raised  and  the  depressed  portion  of  the  warp  to  give  a  certain  amount 


94  WEAVING. 


of  shed ;  divide  the  above  by  the  length  of  the  treadle  between  the 
pin  and  the  point  of  connection  of  the  harness  strap. 

—24 ^^" 

The  cam  should  have  a  21  inch  stroke. 

To  find  the  size  of  shed  where  shuttle  passes  through,  using 
the  above  dimensions,  proceed  as  follows  (Fig.  59) :  Have  the  lay  on 
the  back  center,  and  measure  the  distance  from  the  top  front  of 
shuttle  to  the  fell  of  cloth,  F  to  G,  also  the  distance  from  front  har- 
ness to  fell  of  cloth,  H  to  G. 

A  to  B  24^^  X  stroke  of  cam  2^"  X  F  to  G  3^^^  _g,, 
A  to  C  15"  X  H  to  G  7" 

Therefore  2  inches  is  the  size  of  shed  where  the  shuttle  passes 
through,  but  as  about  |  inch  is  allowed  for  the  stretching  of  the 
straps,  and  as  the  motion  is  often  set  so  that  the  treadle  bowl  is  not 
fully  in  contact  with  the  depression  of  the  cam,  this  causes  the  shed 
to  be  only  about  1^  inches  by  actual  measurement  in  the  loom. 
What  is  the  stroke  (of  cam)  required  for  a  certain  size  of  shuttle  ? 
Shuttle  li  inches  wide,  li  inches  deep.  Lay  moves  back  5  inches. 
Front  harness  to  fell  of  cloth  7  inches.  Length  of  treadle  24  inches. 
Pin  to  treadle  bowl  15  inches.     Lift  in  harness  4  inches. 

Rule.  Subtract  the  width  of  shuttle  from  the  distance  the  lay 
moves  back.  Then  multiply  the  distance  of  front  harness  from  fell 
of  cloth  by  depth  of  shuttle  (allowing  for  the  loss  in  the  stretching 
of  the  straps,  etc.,  |  inch),  and  divide  by  the  remainder  in  the  former 
subtraction.  Multiply  this  result  by  length  of  treadle  from  pin 
to  bowl,  and  divide  by  length  of  treadle.  Result :  ^stroke  of  cam 
required. 

A     5"  —  If'  =  3i" 

B     Adding  the  |"  stretch  of  strap  7"  X  2"  ^  31  =  4 
C     15  X  4  -^  24  =:  21;  21"  stroke  of  cam. 

CONSTRUCTION   OF  CAMS. 

Fig.  60  shows  the  construction  of  a  cam  with  a  21-inch  stroke. 
The  stroke  means  the  distance  the  cam  moves  the  treadle  at  that 
point  where  it  comes  in  contact  with  the  treadle  bowl.  In  the  con- 
struction of  cams  approximate  distances  are  used,  but  they  are  taken 
from  those  most  generally  used. 
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Dimensions  for  Fig.  60,  a  cam  for  making  plain  cloth,  are  as 
follows:  Center  of  shaft  (the  shaft  on  which  the  cam  is  set)  to  near- 
est point  of  contact  of  the  cam  with  the  treadle  bowl,  1|  inches. 
Dwell  to  be  one-half  the  revolution  of  crank  shaft. 

Describe  the  first  circle,  with  radius  of  1 1  inches  ;  add  to  this 
1  inch,  the  radius  of  treadle  bowl,  and  which  will  be  the  center  of 
movement  of  the  treadle  bowl  in  marking  off  the  shape  of  the  cam ; 
add  to  these  the  stroke  of  cam  2}  inches.  There  are  now  three 
circles. 


Fig.  60.     Plain  Cam. 


To  make  plain  cloth  tv/o  cams  are  necessary,  the  pattern  being 
made  on  two  picks.  Whatever  number  of  picks  there  are  to  be  to 
the  pattern,  there  must  be  as  many  cams  to  the  roimd,  or  one  revo- 
lution of  the  cam  shaft.  Sometimes  when  weaving  fancy  cloth 
more  harnesses  are  required  to  make  the  pattern  than  there  are  picks 
in  the  pattern,  and  there  must  be  a  cam  for  each  harness,  yet  the 
cam  shaft  makes  but  one  revolution  to  one  repeat  of  the  pattern. 
Plain  cloth  is  almost  always  woven  with  two  harnesses,  and  when 
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four  are  used  two  are  fixed  together,  these  being  controlled  by  one 
treadle  and  one  cam.  The  three  circles  described  must  be  divided 
into  as  many  parts  as  there  are  picks  in  the  pattern,  but  when  each 
end  in  the  pattern  is  lifted  or  depressed  in  the  same  manner  to  form 
the  pattern,  only  one  cam  need  be  constructed  to  show  what  is  re- 
quired for  the  rest.  Whenever  one  or  more  threads  interweave  dif- 
ferently from  the  rest,  a  cam  must  be  constructed  for  each  different 
set  of  threads.  This  is  shown  in  the  different  figures  of  constructed 
cams. 

The  diagram  shows  that  both  threads  are  to  be  woven  in  a 
similar  manner,  but  that  one  thread  is  up  when  the  other  is  down, 
thus  requiring  the  setting  of  one  cam  opposite  the  other,  as  shown 
in  Fig.  54.  The  vertical  marks  show  how  the  ends  are  to  be  lifted ; 
the  horizontal  lines  show  how  the  filling  is  placed  in  the  warp. 
Read  the  diagram  or  design  from  bottom  to  top,  and  construct  the 
■cam  accordingly.  As  there  are  two  picks  to  the  pattern,  divide  the 
■circles  in  two  parts,  one  part  for  one  pick,  one  part  for  the  other 
pick  (Fig.  61). 

The  dwell  required  is  now  partitioned  off.  The  dwell,  whether 
it  is  ^,  ^,  or  |-,  must  be  divided  from  each  individual  part,  and  the 
•center  of  these  parts  must  also  be  divided.  One-half  dwell  is  re- 
quired :  divide  each  part  into  four ;  take  the  two  center  ones,  leaving 
a  quarter  on  each  side.  The  remaining  quarter  left  on  the  side  of  each 
dwell  portion  must  now  be  divided  into  three  equal  parts ;  the  two 
quarters  coming  together,  show  them  to  be  divided  into  six  equal  parts. 
(Fig.  62).  The  reason  for  taking  up  the  portions  that  are  left  after 
the  dwell  is  marked  off,  is  that  in  the  shedding,  one  harness  is  being 
raised  while  the  other  is  being  depressed  ;  the  cams  must  be  con- 
structed in  such  a  manner  that  a  portion  of  the  rise  of  one  will  over- 
lap a  similar  portion  of  the  depression  of  the  other.  After  dividing 
the  portions  mentioned  into  six  equal  parts,  the  space  between  the 
outer  circle  and  the  radius  of  the  treadle  bowl  must  be  divided  into 
six  unequal  parts,  commencing  in  the  center,  and  having  the  two 
largest  spaces  on  either  side,  the  succeeding  ones  becoming  smaller 
as  they  near  the  circles.  (Fig.  66).  This  method  of  construction 
gives  a  quick  start  to  the  harness,  then  gradually  slows  down  when 
nearing  the  dwell,  and  yet  performs  the  motion  without  sudden 
jumps.     Figs.  63,  64  and  65  refer  to  various  dwells. 


WEAVING. 


97 


Fig.  61.     Construction  of  Cams. 


Fig.  61.     Diagram  for  ^  Dwell. 
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To  obtain  the  six  unequal  parts,  describe  a  half-circle  between 
the  two  outer  circles,  and  divide  this  half-circle  into  six  parts.  As 
each  point  of  division  is  considered  as  a  part  of  the  circumference  of 
a  circle  whose  center  is  the  same  as  the  center  of  the  outer  circles, 
this  will  give,  as  shown  in  the  sketch,  six  unequal  parts,  D.  When 
this  has  been  accomplished  make  half-circles  or  circles  the  size  of  the 
radius  of  the  treadle  bowl.  Start  these  circles  at  the  point  marked 
E,  and  continue  to  describe  them  at  the  further  corner,  advancing 
towards  the  outer  circle.  Also  construct  several  circles  on  the  out- 
side circle,  and  follow  down  on  the  opposite  side,  until  opposite  the 
starting  point.  These  circles  represent  the  treadle  bowl  passing 
round  the  cam.  After  the  circles  have  been  described,  draw  a  thick 
line  inside  and  just  touching  the  circles,  and  also  make  the  outer 
portion  of  the  inside  circle  deeper,  so  as  to  correspond  with  the  thick 
outline  which  represents  the  cam. 

In  brief,  the  construction  is  as  follows  :  Describe  the  circle 
according  to  dimensions  given.  Divide  these  into  as  many  parts  as 
there  are  picks  in  the  pattern.  Subdivide  each  portion  of  the  dwell 
required,  having  the  dwell  in  the  center,  and  the  remaining  portions 
left  from  each  dwell  divide  into  three  equal  parts,  bringing  six  parts 
together.  Again  divide  the  space  from  the  outer  circle  to  the  radius 
of  the  treadle  bowl  into  six  unequal  parts  with  the  widest  in  the 
center,  narrowing  down  the  spaces  to  the  outer  and  inner  circles. 
Describe  the  radius  of  the  treadle  bowl  at  the  opposite  corners  of  the 
divisions,  starting  at  the  inside  circle  for  the  treadle  bowl,  and  passing 
to  the  outside  circle.  Finish  by  making  the  thick  line  representing 
the  cam,  touching  the  inside  of  the  circles. 

To  obtain  the  best  results,  it  is  conceded  by  the*  majority  of 
those  who  understand  cam  shedding,  that  one  cam  should  be  a  trifle 
larger  than  the  other  in  the  stroke,  and  the  other  cam  larger  in  the 
depression  or  smallest  part.  This  is  owing  to  the  method  of  con- 
necting the  harness  straps  with  the  treadles  (see  Fig.  54),  The 
treadle  at  the  point  of  connection  with  the  front  harness  strap  de- 
scends lower  and  also  rises  higher  than  the  other  treadle  connection 
which  would  mean,  if  equal  cams  were  used,  a  higher  lift  of  the  front 
harness ;  whereas  the  law  of  shedding  demands  that  the  back  har- 
ness have  the  greatest  amount  of  movement,  on  account  of  its  being 
a  greater  distance  from  where  the  shuttle  passes  through  the  shed. 
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Fig.  63.     Diagram  for  %,  Dwell. 


Fig.  64.     Diagram  for  %  Dwell. 
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To  give  the  correct  shed,  the  larger  cam  controls  the  treadle  for  the 
back  harness,  and  the  cam  with  the  largest  depression  is  placed  over 
the  front-harness  treadle.  The  front  harness  is  also  connected  with 
the  smallest  set  collar  on  the  harness  roller. 

When  the  back-harness  treadle  is  pressed  down  by  the  larger 
cam,  the  front-harness  treadle  is  raised.  This  would  give  a  very  large 
lift  to  this  harness,  owing  to  the  connecting  point,  if  it  were  not  for 
the  larger  depression  and  the  smaller  set  collar.  When  the  front- 
harness  treadle  is  depressed  by  the  smaller  cam  the  connecting  point 
descends  lower,  consequently  the  back  harness  is  raised  higher.  The 
strap  of  this  harness  is  connected  with  the  large  set  collar.  The  back 
cam  is  generally  made  i  of  an  inch  larger  in  stroke,  and  the  front 
cam  i  inch  larger  in  the  depression.  When  any  changes  are  being 
made,  it  is  necessary  that  care  should  be  taken  in  setting  the  cams 
in  the  right  manner,  or  very  poor  and  uneven  shedding  will  be  the 
result. 

There  are  three  different  methods  of  setting  the  shedding  mo- 
tion ;  namely,  first,  having  the  back  harness  raised  when  picking 
from  the  left-hand  side  of  the  loom,  no  matter  whether  it  is  a  right 
or  a  left-hand  loom ;  second,  having  the  back  harness  raised  when 
picking  from  the  box  opposite  the  filling  stop-motion,  or  shipper- 
handle  side ;  third,  having  the  back  harness  lifted  when  picking  from 
the  shipper-handle  side.  In  some  mills  there  is  no  system  whatever, 
the  only  requirement  being  that  the  large  cam  is  on  the  back  treadle. 
The  latter  scheme  is  not  commendable,  for  any  one  of  the  three 
methods,  among  which  there  is  scarcely  any  choice,  is  preferable  to 
no  system. 

There  are  three  essentials  for  good  shedding ;  namely,  harness 
roller  level,  having  the  set  screws  parallel  from  back  to  front,  F'  F, 
(Fig.  67) ;  harnesses  level,  E ;  treadles  level,  B.  When  the  reed  is 
about  2  inches  from  the  fell  of  the  cloth,  and  the  crank  shaft  is  in 
the  position  shown  at  D  (Fig.  67),  the  three  parts  mentioned  should 
be  level.  But  whether  the  shed  is  level  at  the  fell  of  cloth,  or  three 
inches  back,  the  three  essentials  must  be  attended  to  or  the  result 
will  be  unequal  shedding ;  for  if  the  treadles  and  harnesses  are  level, 
and  the  set  screws  on  the  harness  roller  are  not  parallel,  one  strap 
will  wind  on  the  other  when  the  shed  is  wide  open,  and  the  other 
strap  will  not  wind  round  far  enough.     The  result  is  uneven  shed- 
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Fig.  65.     Second  Step  in  Building  3-2  Dwell  Cam. 


Fig.  66.     Construction  Lines. 
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ding  and  a  jump  to  the  harnesses.  If  any  one  of  the  three  parts  is 
not  level  when  the  rest  are,  the  results  are  uneven  cloth,  yarn  broken 
out,  and  very  poor  shedding.  A  greater  or  a  smaller  number  of 
picks  can  be  placed  in  the  cloth,  according  to  the  way  in  which  the 
harnesses  are  set.  With  a  shed  level  when  the  reed  is  from  two  to 
three  inches  from  the  fell  of  the  cloth,  the  shed  is  more  open  when 
the  beating  up  takes  place,  consequently  the  picks  are  held  more 
lirmly  in  the  cloth  and  are  beaten  up  closer,  and,  moreover,  there  is 


Fig.  67.     Position  of  Cam  When  Shed  is  Closed. 

only  one  pick  to  beat  up  at  a  time ;  but  with  a  shed  which  is  not  so 
open,  the  picks  are  not  held  firmly,  and  spring  back  so  that  the  lay 
has  to  beat  up  several  at  one  time.  This  makes  it  impossible  to 
have  as  heavy  a  cloth  as  in  the  former  case. 

When  setting  the  harnesses,  before  the  yarn  is  tied  to  the  apron 
or  leader,  they  should  be  in  such  a  position  as  to  allow  the  yarn  to 
rest  upon  the  race  when  the  shed  is  first  opened,  because  when  the 
filling  is  put  in  the  shed  it  is  closed,  and  this  lifts  the  yarn  up  from 
the  race  plate.  Thus,  if  the  harnesses  are  set  high  at  first,  they  have 
to  be  changed  as  soon  as  the  filling  is  placed  in  the  shed. 
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Fig.  68  shows  a  loom  with  the  cams  fixed  at  the  side  of  the 
loom.  The  harnesses  are  connected  with  the  quadrant  lever,  which 
is  fixed  to  the  supporting  bar.  A  small  arm  is  fixed  to  the  back  of 
the  supporting  bar,  but  at  one  end.  A  rod  connects  the  arm  with 
the  treadle.  The  cams  are  on  a  sleeve,  placed  on  the  pick  cam  shaft, 
and  to  the  sleeve  a  large  gear  is  attached.  In  the  diagram  this  gear 
has  140  teeth.     A  gear  with  30  teeth  is  fixed  on  the   crank  shaft,. 


Fig.  68.     Loom  with  Cams  on  the  Sides. 


and  through  an  intermediate  it  imparts  motion  to  the  cam  gear. 
This  gearing  is  set  for  a  four-harness  twill,  whether  one  up  and  three 
down,  or  two  up  and  two  down.     (See  cam  in  Fig.  69.) 

As  explained  in  the  construction  of  cams,  one  revolution  of  the 
cam  equals  the  number  of  picks  to  the  pattern ;  so  that  the  gear 
fixed  to  the  crank  shaft  must  divide  as  many  times  in  the  large  gear 
as  there  are  picks  to  the  pattern  :  120-f-30=4.  This  is  one  of 
the  simplest  motions  for  shedding  by  means  of  cams,  and  is  very 
easily  fixed.  It  is  in  direct  contrast  to  the  roll-top  motion  shown  in 
Figs.  70  and  71.  The  least  change  on  any  harness  in  this  motion 
alters  the  rest,  for  owing  to  the  method  of  connecting  the  harnesses 
they  are  dependent  upon  each  otlier. 
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The  rollers  are  made  with  different  circumferences^  The  smaller 
rollers  are  rather  small,  and  would  be  far  better  if  they  were  larger 
in  proportion  to  the  lift,  because  the  strap  winds  on  itself  when  the 
harness  is  lifted,  with  the  result  that  there  is  a  constant  jumping  of 
the  harnesses.  This  is  of  course  detrimental,  especially  to  fine  yarns, 
for  when  the  strap  unwinds  it  is  almost  pulled  off  the  roller.  Some- 
times the  straps  do  come  off  and  drop  on  the  yarn.     The  cams  are 


Fig. 


Four  Harness  Twill  Cam. 


graded,  the  smallest  having  1|  inches  stroke,  the  largest  2|  inches 
stroke.  It  requires  a  considerable  amount  of  skill  in  the  setting  of 
these  motions,  but  when  they  are  set  they  give  fair  results.  Yet 
the  time  spent  in  setting  is  not  balanced  by  these  results.  When 
compared  with  the  motion  in  Fig.  68,  it  is  seen  that  one  is  placed 
inside  of  the  loom  and  out  of  the  way,  while  the  other  is  outside  the 
loom  and  apparently  requires  a  greater  amount  of  space ;  yet  the 
outside  motion  is  out  of  the  way,  being  behind  the  box,  and  is  cer- 
tainly much  easier  to  get  at. 
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The  cams  for  the  roll  top  motion  are  fixed  on  an  auxiliary  shaft 
and  the  shaft  receives  motion  from  the  pick  cam  shaft.  The  same 
rule  applies  when  calculating  the  gears  that  drive  the  cams,  except 
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Fig.  70.      Roller  Motion. 


taking  into  consideration  the  shaft  from  which  the  power  is  derived. 
The  pick  cam  shaft  travels  half  the  speed  of  the  crank  shaft,  so  that 
two  picks  of  the  pattern  are  placed  in  the  cloth  while  the  pick  cam 
shaft  revolves  once ;  thus  the  gear  fixed  to  the  shaft  must  contain 
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two  and  one-half  times  less  teeth  than  the  gear  on  the  shedding  cam 
shaft,  that  is,  for  a  five  end  satin  or  twill  cloth.     (See  Fig.  72.) 

If  there  is  a  gear  of  70  teeth  on  the  shedding  cams,  and  a  gear 
of  35  teeth,  one-half  the  size,  is  placed  on  the  pick  cam  shaft,  the 
cams  would  travel  at  the  rate  of  one  revolution  to  four  of  the  crank 
shaft,  which  would  leave  one  pick  out  of  the  pattern.  But  if  a  28- 
tooth  gear  drives  the  70,  there  would  be  one  revolution  of  the  cams 
to  five  of  the  crank  shaft. 

I 
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Fig.  72.     Harness  Sateen  or  Twill  Cam. 

Example.  There  is  a  30  driving  gear  on  the  crank  shaft,  im- 
parting motion  to  a  60  gear  on  the  pick  cam  shaft;  a  28  gear  on 
this  shaft  drives  a  70  on  the  shedding  cam  shaft. 

If  there  is  a  four-pick  pattern,  what  number  of  teeth  should  the 
gear  contain  using  three  of  the  above  gears  ? 

Ans.  A  56  on  the  shedding  cam  shaft. 

THE    PICKING    nOTION. 

This  is  the  motion  that  consumes  about  -Jjyof  the  power  required 
to  drive  an  ordinary   easily   running  loom.     A  careful  overseer  ^or 
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fixer  should  see  that  this  motion  is  giving  the  best  results  for  the 
power  expended.  It  is  a  very  easy  matter  for  the  pick  motion  to  be 
so  fixed  that  the  loom  actually  takes  ^  horse-power  more  to  run  it 
than  would  be  necessary  if  the  motion  were  set  correctly. 

As  already  stated,  some  fixers  believe  that  the  pick  motion 
causes  the  uneven  movement  of  the  lay.  It  is  undoubtedly  a  fact 
that  through  the  faulty  setting  of  the  pick  motion  the  lay  is  checked; 


Fig.  73.     Diagram  Showing  the  Setting  of  Pick  Motion. 


but  if  the  motion  is  understood,  together  with  the  reason  for  the 
shapes  of  its  various  parts,  there  can  be  little  or  no  perceptible 
check  on  the  lay.  The  placing  of  the  hand  on  the  lay  cap  is  one  of 
the  best  ways  of  telling  whether  or  not  the  pick  is  working  at  its 
best.  The  pick  motion  is,  or  ought  to  be,  constructed  in  such  a  man- 
ner as  to  give  a  gradual  development  of  speed  as  in  Fig.  73  ;  starting 
slowly,  gradually  increasing  the  speed,  until  as  the  shuttle  is  leaving 
the  binder  the  full  power  is  applied.     Such  motions  give  the  best 
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results,  fewer  supplies  are  used,  and  the  loom  lasts  longer.  To  thor- 
oughly understand  why  this  is  better  the  following  explanations  are 
given : 

In  the  first  place  the  shuttle  is  held  in  a  confined  space  by 
pressure  applied  through  the  binder ;  no  matter  what  style  of  binder 
is  used,  the  pressure  remains  on  the  shuttle  for  a  shorter  or  longer 
period  of  time.  This  being  so,  it  is  utterly  impossible  to  give  a 
sudden  blow  to  the  confined  body,  namely,  the  shuttle,  and  then 
have  it  enter  the  opposite  box  in  the  manner  in  which  it  should, 
that  is,  slide  in  straight  without  striking  the  front  entrance  of  this 
box.  Of  course  it  is  taken  for  granted  that  the  student  is  aware  of 
the  fact  that  a  shuttle  box  is  a  trifle  wider  than  the  shuttle,  and 
that  there  is  no  confining  of  the  shuttle  from  the  time  it  has  left  the 
binder  until  it  has  reached  the  shed  formed  by  the  yarn.  As  a  proof 
of  the  foregoing  statements,  the  following  test  is  presented  :  Observe 
two  looms,  one  with  a  quick,  hard  pick,  the  other  such  as  the  one 
already  described,  and  compare  the  shuttles  after  six  months'  run- 
ning. On  the  latter,  the  shuttles  will  be  smooth,  and  in  almost  as 
good  condition  as  when  they  were  first  used,  excepting,  of  course,  the 
natural  wear ;  whereas,  in  the  former,  the  shuttles  will  have  been 
chipped  to  a  greater  or  less  degree,  caused  by  their  flying  out  or  be- 
ing driven  hard  into  tfhe  opposite  box.  Another  proof:  Suppose  a 
shuttle  does  not  get  wholly  into  the  box,  but  stops  a  short  distance 
from  the  picker,  and  yet  is  in  far  enough  to  keep  the  loom  running ; 
under  these  circumstances,  one  can  hear  the  shuttle  rattle  in  the 
opposite  box,  striking  where  it  should  not,  or  else  see  it  thrown  out 
of  the  shed.  This  is  caused  not  altogether  by  the  shuttle  being  a 
short  distance  from  the  picker,  but  mainly  because  the  power  has 
been  suddenly  applied  to  the  shuttle,  and  it  has  received  a  jar  that 
is  not  beneficial  to  its  correct  running. 

Some  fixers  who  have  charge  of  looms  on  which  the  picking 
shoes  have  a  long  sweep,  set  the  ball  so  that  it  will  strike  the  shoe 
half-way  up  the  incline,  or,  in  other  words,  at  the  commencement  of 
the  steepest  part  of  the  shoe,  with  the  result  that  there  are  innumer- 
able smashes  caused  by  the  shuttle  becoming  chipped,  the  spindle 
stud  constantly  wearing  out,  and  the  binder  never  giving  good  re- 
sults, because  of  the  pin  becoming  worn.  The  same  results  follow 
to  a  greater  or  less  degree   on  the  "  Cone  Pick  " :  if  the  cone  is  set 
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down  on  the  back,  or  if  the  shaft  is  set  in  too  close  to  the  pick  cam, 
or,  as  sometimes  happens,  the  cone  is  out  of  proportion  to  the  pick- 
point.  In  view,  then,  of  the  ahove-mentioned  facts,  and  the  adoption 
of  the  shape  of  binder  recommended,  the  best   results  are   undoubt- 
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Fig.  74.     Cone  Pick  Motion. 


edly  obtained  by  applying  the  power  gradually,  so  that  by  the  time 
the  full  force  is  acting  on  the  shuttle,  it  will  be  leaving  the  binder, 
and  yet  the  binder  will  have  helped  to  keep  the  shuttle  in  contact 
with  the  back  of  the  box,  so  that  if  guided  straight  from  the  first, 
there  is  no  reason  why  it  sliould  not  run  into  the  opposite  box  cor- 
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rectly,  unless  something  is  out  of  order  apart  from  the  pick  motion. 
Cone  jnck  and  attendant  parts,  Fig.  74. 

A.  Pick  cam  fixed  on  a  pick-cam  shaft. 

B.  Pick  Shaft,  which  is  held  in  position  against  the  side  of  the  loom. 

C.  Pick  Cone  supported  on  stud  fixed  to  the  pick  shaft. 

D.  Picking  arm,  fixed  at  the  opposite  end  of  the  pick  shaft,  and  which 
descends. 

E.  Dog,  placed  at  the  lower  end  of  the  picking  arm. 

F.  Picking  stand,  fixed  to  the  rocker  shaft. 

G.  Picking  Shoe,  rests  on. the  picking  stand. 
G^.    Tongue  fixed  to  the  shoe. 

H.  Picking  stick  fixed  to  the  picking  shoe,  and  which  passes  through 
the  stand. 

K.     Heel  strap  which  connects  the  picking  stick  to  the  spring  K^. 

L.     Short  lug  strap. 

L^.    Long  lug  strap. 

U.  Sweep,  or  power  stick;  the  ends  of  the  lug  straps  are  connected  to 
the  power  stick;  the  short  lug  passing  around  the  inside  of  the  dog, 
and  the  long  lug  passing  around  the  picking  stick. 

M.     Stirrup  strap  ;  this  strap  keeps  the  long  lug  in  position  on  the  stick. 

N.     Picker  fixed  on  the  top  portion  of  the  picking  stick. 

The  cone  pick  is  undoubtedly  one  of  the  best  picking  motions 
for  single  box  looms.  Apart  from  the  special  cams  already  spoken 
of,  the  cam  described  in  Fig.  75  is  the  best  one  that  can  be  recom- 
mended: it  gives  the  easiest  possible  stroke,  and  less  power  is 
required  to  drive  the  loom;  the  loom  also  runs  easier  than  if  it 
were  fitted  with  a  pick  cam  such  as  shown  in  Fig.  76. 

Fig.  75  shows  a  cam  with  different  diameters ;  that  is,  instead 
of  being  circular  up  to  the  pick  point,  it  is  cut  off,  commencing  a 
little  below  the  back  center,  almost  to  the  beginning  of  the  pick 
point;  about  one  inch  is  taken  off  at  the  smallest  diameter.  This 
shape  of  cam  gives  a  gradual  development  of  power,  which,  as 
already  explained,  is  preferable  to  the  sudden  blow.  Instead  of  the 
cone  suddenly  meeting  the  point,  it  is  first  lowered,  then  gradually 
raised. 

The  shape  of  the  pick  point  enters  very  largely  into  considera- 
tion in  determining  the  value  of  the  pick  motion.  The  cam  may  be 
of  good  shape  and  size,  but  if  the  pick  point  is  too  abrupt,  the  hol- 
low too  much  defined,  or  the  extreme  end  of  the  point  too  narrow 
and  receding,  the  results  are  as  bad  as  from  an  imperfectly  con- 
structed cam.     The  abrupt  point  gives  a  very  harsh,  hard  finish  to 
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the  pick,  tending  to  throw  the  shuttle  crookedly.  The  hollow  being 
too  well  defined  tends  to  lock  the  cone,  giving  a  jump  to  the  motion 
which  often  breaks  the  picking  shaft ;  the  pick  cam  is  also  some- 
times loosened  by  this  fault,  and  such  a  point  requires  more  power 
behind  the  motion.  When  the  extreme  point  is  too  narrow  and 
receding,  a  soft  pick  is  the  result  (not  an  easy  pick),  lacking  the  firm 
finish  to  the  motion;  such  pick  points  frequently  cause  trouble,  for 
the  loom  bangs  off  at  the  least  change  of  atmosphere.  The  best 
pick  point  is  the  one  that  is  at  lea§^  li  inches  at  the  end,  with  the 
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Fig.  75.     Dimensions  of  Cam  and  Cone. 


extreme  inside  edge  about  |  inches  higher  than  the  other  edge,  and 
slightly  inclined  backwards.  It  would  do  no  harm  to  have  the 
point  2  inches  in  width  at  the  extreme  end. 

A  large  cam  gives  better  results  than  a  small  one,  as  the  cone 
fits  better,  and  a  smaller  and  better  shaped  pick  point  can  be  used : 
it  is  unnecessary,  also,  to  have  the  point  so  much  depressed.  The 
diagram  given  in  Fig.  76,  illustrates  one  of  the  best  cams  of  this  type. 

Almost  invariably  with  a  cam  of  this  nature,  a  large  pick 
point  is  used,  and  to  correspond  with  it  a  very  large  cone  is  neces- 
sary, which  means  the  expenditure  of  more  power  when  in  motion. 
If  the  outer  end  of  the  cone  is  considerably  lower  than  the  shaft, 
it  is  not  an  advantage,  especially  with  such  a  large  pick  point,  as 
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it  must  of  necessity  give  a  hard  pick,  beside  requiring  more  power 
to  lift  it. 

Relation  of  the  Cone  Pitch.  Unless  the  cone  is  in  proper 
proportion  to  the  cam,  uneven  picking  will  follow.  If  the  cone  is 
too  small,  it  locks  in  the  hollow- of  the  pick  point ;  if  it  is  not  tapered 
to  the  right  pitch,  only  a  small  portion  of  the  cone  is  in  contact 
with  the  cam.  If  it  is  too  large,  it  does  not  enter  the  hollow  of  the 
cam,  and  a  sudden  motion  is  the  result.  For  the  best  results,  the 
cone  should  be  set  between  the  back  and  top  centers  of  the  cam,  but 


Fig.  76.     Circular  Pick  Cam. 


slightly  inclined  to  the  top.  If  too  near  the  top  of  the  cam  when 
motion  is  imparted  to  it,  the  cone  slides  away  from  the  point,  and 
does  not  receive  the  firm  blow  that  gives  a  good  pick.  When 
placed  toward  the  back  center  of  the  cam,  the  point  locks  on  the 
cone  with  very  poor  results.  The  cone  ought  to  extend  over  the 
edge  of  the  cam,  when  resting  on  the  back  center,  at  least  three- 
quarters  of  an  inch ;  the  top  of  the  cone  should  be  almost  level  at 
this  point,  so  that  when  the  cam  works  around,  all,  or  almost  all,  of 
the  outer  end  of  the  cone  will  be  in  contact  with  the  point. 

Dogs  on  Picking   Arms.     There  are  three  distinct  kinds  of 
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dogs  used  on  the  picking  arms;  (Fig.  77)  A,  B,  C.  A  is  certainly 
the  better;  there  is  almost  a  straight  pull  on  the  lug  strap,  which 
means  that  the  strap  will  last  longer.  B  and  C  cause  the 
straps  to  crack  and  break  on  the  edge,  because  all  the  power  is 
exerted  at  one  point,  instead  of  at  the  full  width  of  the  leather. 
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Fig.  77.     Picking  Dogs. 


Lug  straps  will  last  ten  times  longer  by  the  use  of  A  than  they  will 
by  using  B  or  C. 

Picking  Stand  and  Shoe.  This  is  called  the  Stearns  parallel 
motion.  When  fixing  the  picker  stand  to  the  rocker  shaft,  care 
should  be  taken  to  see  that  the  picking  stick  moves  freely  in  the 
box,  changing  the  motion  of  the  lay  to  test  this.  The  stand  can  be 
fixed  while  the  lay  is  on  the  front  center;  when  it  passes  to  the 
back  center,  if  there  is  a  slight  binding  of  the  picking  stick,  it  will 
influence  to  a  marked  degree  the  running  of  the  shuttle.     Several 
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bad  effects  result  from  the  poor  fixing  of  the  stand.  Unless  it  is  set 
in  the  right  position,  the  shoe  will  not  work  parallel  to  or  flat  on  the 
stand,  with  the  result  that  as  the  picking  takes  place,  the  edge  of 
the  shoe  instead  of  the  sole  is  working :  this  causes  a  slight  twist  of 
the  picking  stick,  which  eventually  throws  the  shuttle  crookedly 
across  the  lay,  beside  requiring  more  power  to  drive  the  stick,  owing 
to  its  binding  in  the  race.  If  the  shoe  is  allowed  to  work  in  this 
manner  for  a  short  time,  a  ridge  is  worn  on  the  projection  fixed  to 
the  stand,  so  that  occasionally  the  shoe  rides  on  this  ridge,  and 
causing  the  stick  to  jump,  suddenly  raises  the  shuttle  on  the  back, 
thereby  cutting  the  filling,  and  sometimes  throwing  out  the  shuttle. 
A  small  plug  of  wood  or  iron  is  driven  into  the  stand,  the  outer  end 
acting  as  the  fulcrum  for  the  tongue  G^.  This  plug,  when  made 
of  wood,  is  likely  to  be  driven  in  crookedly,  and,  if  this  is  the  case, 
the  results  are  almost  identical  with  those  which  come  from  the 
incorrect  setting  of  the  stand.  The  crooked  plug  twists  the  picking 
stick,  throwing  the  back  of  the  shuttle  either  too  far  from  the 
back  of  the  box  or  into  the  box  back,  forcing  the  front  end  of 
the  shuttle  out  from  the  reed,  thus  causing  a  crooked  running  shut- 
tle or  a  flying  one. 

If  properly  made  and  handled,  the  wood  plug  is  undoubtedly 
better  than  the  iron  one,  for  it  is  easier  as  a  friction  point  on  the 
tongue.  Wood  plugs  cost  very  little  because  they  are  generally 
made  from  scrap  timber,  yellow  pine  being  preferred.  They  are  cut 
so  that  the  tongue  rubs  against  the  grain.  These  plugs  should  be 
kept  in  oil,  when  it  is  remarkable  how  long  they  will  last.  Wood 
is  preferable  to  iron,  owing  more  or  less  to  the  careless  handling  of 
looms  by  weave-room  help.  There  are  careless  weavers  in  every 
mill,  and  many  of  them  rarely  oil  the  picking  stand,  so  that  there  is 
a  natural  tendency  for  the  friction  point  between  tongue  and  plug 
to  become  dry.  If  the  plug  is  iron,  it  becomes  rusty,  causing  the 
stick  to  jump,  but  the  wood  plug  yields  to  the  action  of  the  iron 
tongue.  It  takes  a  long  time  for  a  wood  plug  to  become  dry,  if  it 
has  been  thoroughly  soaked  in  oil  before  being  placed  in  the  stand, 
and  the  constant  friction  makes  the  end  of  the  wood  very  smooth. 
A  wood  plug  will  last  almost  as  long  as  an  iron  plug,  with  the 
advantage  that  the  tongue  is  very  little  worn. 

Whatever  kind  of  motion  is  in  use,  whether  as  already  described, 
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or  as  shown  in  Figs.  78  and    79,  the    two  points  must  be   set  as 
straight  as  possible,  in  order  to  avoid  a  twisted  picking  stick. 

The  mechanism  shown  in  Figs.  78  and  79  has  somewhat  of  a 
rocking  motion,  and  is  used  very  extensively  on  Mason  looms.  It  is 
claimed  for  this  style  of  shoe  that  it  will  stand  a  high  rate  of  speed. 
The  rest  of  the  motion  is  similar  to  Fig.  74. 

Setting  of  the  Picking  Stick  and  its  Connections.  There  are 
two  distinct  ways  of  setting  the  picking 
stick :  the  first  as  shown  in  Fig.  74 ;  the 
second  as  in  Fig.  74,  B',  having  the  bottom  of 
the  picking  from  |"  to  1^"  higher  than 
shown. 

The  first  is  considered  better.     Set  the 


stick  so  that  it  will  be  about  ^"  above  the 
level  of  the  heel  strap  K,  or  so  that  the 
bottom  of  the  stick  is  not  below  the  level. 
This  is  what  is  termed  a  controlled  picking 
stick ;  that  is,  when  the  strap  is  connected 
to  the  stick  and  attached  to  the  spring  in 
the  right  manner,  after  motion  has  been  ap- 
plied to  the  stick  it  will  return  almost  to 
the  end  of  the  box.  This  necessitates,  in  all 
probability,  the  use  of  a  check  spring,  or  a 
double  piece  of  leather,  but  the  cost  of  either 
of  these  is  small  in  comparison  to  the  gain. 
(The  chapter  on  binders  should  be  studied 
in  connection  with  this  portion  of  the  pick- 
ing motion,  as  both  enter  into  very  close  re- 
lationship, for  understanding  one  without 
the  other  destroys  the  possibility  of  the 
best  results.)  When  the  stick  is  fixed  in 
this  manner,  in  the  majority  of  cases  a 
round  hole  in  the  picker  is  formed  by  the 
shuttle  tip  striking  it.     It  is  a  well-known 

fact  that  a  round  hole  in  the  picker  denotes  that  the  shuttle  is 
running  correctly,  because  a  round  hole  cannot  occur  if  there  is  the 
least  tendency  for  the  shuttle  to  rise.  Any  rise  of  the  shuttle  is 
generally  caused  by  its  running  crookedly  fronj  box  to  box.     The 


Fig.  79.     Cross  Section  of 
Picker  Stick  and  Shoe. 
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picker  will  last  longer  if  it  is  being  worn  as  described ;  this  is  the 
first  gain.  Secondly,  the  picker  band  or  collar,  that  fixes  the  picker 
to  the  stick,  is  rarely  loosened  on  the  stick  under  such  setting, 
because  the  shuttle  strikes  squarely  against  the  picker.  Thirdly, 
there  is  no  possible  loss  of  power  as  the  shuttle  is  being  driven  from 
the  box;  besides,  the  shuttle  is  thrown  just  as  the  motion  is  set  to 
throw  it ;  this  is  impossible  with  a  picker  that  has  a  slot  cut  in  it 
instead  of  the  round  hole. 

When  a  picking-stick  is  loose  in  the  box,  as  it  invariably  is 
when  fixed  after  the  second  system,  it  remains  from  1^  inches  to  2.1 
inches  from  the  back  of  the  box,  consequently,  the  shuttle  must 
drive  back  the  stick  to  its  right  position,  so  as  to  get  the  full  force 
of  the  picking  motion.  The  picker,  which  in  the  majority  of  cases 
is  made  of  leather,  also  receives  considerable  of  the  force  of  the 
shuttle ;  this  naturally  causes  the  picker  to  wear  out  quicker  than  it 
should ;  another  disadvantage  consists  in  the  shuttle  cutting  a  slot 
in  the  picker  when  driving  back  the  stick,  because  it  slides  a  little 
on  the  face  of  it,  owing  to  the  picker  not  being  on  the  same  plane 
with  the  tip  of  the  shuttle,  as  it  is  when  the  stick  is  back.  The 
sliding  of  the  shuttle  at  this  time  will  often  cut  the  filling,  and  it 
frequently  loosens  the  collar  around  the  picker;  a  loose  picker  of 
course  is  not  desirable.  When  the  picking  stick  is  driving  out  the 
shuttle,  the  slot  already  made  in  the  picker  by  the  shuttle,  reacts 
on  the  running  of  the  shuttle.  (To  understand  this  clearly  refer  to 
the  binder.)  The  shuttle  is  held  in  the  box  by  pressure  from  the 
binder ;  there  is  also  pressure  being  applied  to  the  back  end  of  the 
shuttle  by  the  picking  stick.  Consequently,  it  is  perfectly  natural 
under  the  circumstances  that  the  picker  should  slide  up  on  the  tip  of 
the  shuttle.  This  is  a  loss  of  power;  it  may  be  small,  but  it  is  a 
loss,  and  these  small  losses  count  where  there  are  a  good  many 
looms.  There  is  also  a  tendency  for  the  shuttle  to  be  down  at  the 
back,  which  means  either  a  flat  running  shuttle  or  a  high  front  end, 
either  position  being  incorrect  fixing.  Under  these  circumstances  it 
can  readily  be  seen  that  the  tighter  the  heel  spring  is,  the  more 
power  must  be  applied  to  drive  the  picking  stick,  owing  to  the 
greater  resistance.  By  the  actual  setting  of  the  stick  in  the  second 
method,  the  force  of  the  spring  is  off  when  the  picking  stick  is  about 
2  inches  from  the  end  of  the  box,  so  that  when  movement  is  given 


118  WEAVING. 


to  the  stick  it  travels  this  distance  before  it  meets  with  the  resistance 
of  the  spring.  The  heel  spring  should  be  set  so  that  there  is  just 
sufficient  strength  on  it  to  pull  back  the  picking  stick. 

It  has  been  computed  by  good  authorities  that  the  first  setting 
combined  with  the  shape  of  the  binder  described  requires  less  power 
from  the  motion  to  drive  the  shuttle  across  the  lay.  Some  picking 
motions,  combined  with  the  style  of  binder  that  is  used,  either  neces- 
sitate a  swinging  picking  stick  or  a  very  strong  check  on  the  end  of 
the  box. 

Fig.  80  shows  a  motion  that  requires  the  above,  but  if  the 
binder  were  changed  so  that  there  would  be  more  taper  and  less 
bluntness,  the  picking  stick  could  be  set  according  to  the  first 
method,  and  the  results  would  be  considerably  better  than  at  present. 
The  reason  why  such  setting  is  demanded  on  Fig.  80  is  because  it  is 
a  blunt  pick,  the  power  being  applied  suddenly,  with  no  gradual 
development  of  speed  ;  and  to  prevent  the  shuttle  driving  through  the 
end  of  the  box,  very  strong  resistance  must  be  applied. 

Setting  of  the  Connections.  After  the  picking  stick  has  been 
set  to  the  stand  and  shoe,  the  lug  straps  are  connected.  A  sweep 
stick  from  6  inches  to  7  inches  in  length  is  used,  to  connect  the  lug 
straps.  This  stick  should  be  of  sufficient  thickness,  so  that  when 
the  lugs  are  fixed,  there  is  as  much  space  between  the  straps  as  the 
thickness  of  the  picking  stick  or  the  width  of  the  dog ;  this  allows 
perfect  freedom.  The  using  of  short  and  long  lug  straps  is  simply  a 
matter  of  choice,  some  preferring  to  have  the  straps  of  equal  length, 
while  others  prefer  a  short  and  long  lug  strap,  as  is  the  preference  of 
the  writer. 

When  the  dogs  B  or  C  are  used,  (Fig.  77),  the  inside  lug  has  more 
tendency  to  break  than  the  outside  one,  so  that  if  a  short  lug  is  used, 
a  smaller  amount  of  leather  is  broken  than  if  the  equal  lug  were 
used.  Another  advantage  is  :  whatever  kind  of  dog  is  on  this  motion 
when  a  long  lug  breaks,  it  can  often  be  used  for  a  short  lug, 
thereby  saving  supplies.  The  dog  A,  is  highly  recommended.  Its 
value  can  be  seen  by  a  glance  at  the  setting  in  Fig.  74 :  fix  the  dog 
about  \  inch  from  the  bottom  of  the  arm,  or  if  it  is  the  same  as  in 
Fig.  74,  fix  the  extension,  which  acts  as  the  dog,  the  same  distance 
up  from  its  extreme  throw.  Connect  the  lug  strap,  leaving  a  clear 
space  between  the  sweep  stick  and  the  dog ;  otherwise,  when  the 
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dog  is  pulling  in  the  picking  stick  the  sweep  will  bind  on  the  dog. 
Attach  the  long  lug  strap,  placing  it  around  the  picking  stick. 

When  attaching  the  straps  place  a  large  washer  between  the 
head  of  the  bolt  and  the  leather,  and  also  between  the  nut  and 
the  leather;  these  give  a  better  grip  on  the  lug.  If  the  sweep 
stick  is  a  trifle  narrower  than  the  picking  stick  or  dog,  it  would  be 
best  to  place  a  strip  of  leather  between  the  sweep  and  the  lug  before 
the  lugs  are  bolted  to  the  sweep ;  otherwise,  the  picking  stick  or  lug 
will  wear  the  lugs,  which  should  be  avoided.  When  connecting  the 
lugs,  draw  Qut  the  picking  arm  to  the  furthest  point,  press  the  pick- 
ing stick  back  to  the  end  of  the  box,  and  have  the  lugs  and  sweep 


Fig.  80.     Canvas  Drive  Picking  Motion. 

stick  connections  about  |  iuch  longer  than  is  necessary  to  taken  up 
the  space  between  the  stick  and  the  dog.  Next  attach  the  stirrup 
strap  to  the  back  of  the  picking  stick,  and  fix  it  so  that  the  connec- 
tions will  be  level.  An  extra  hole  above  and  below  the  one  that 
holds  the  stirrup  strap  is  advisable.  Setting  the  connections  in  this 
manner  gives  the  most  even  pull  on  the  straps  when  it  is  most 
required,  and  they  last  longer  on  account  of  the  greater  surface  of 
leather  being  used.  It  also  allows  for  a  slight  change  for  increasing 
or  diminishing  the  power  without  materially  altering  the  square  pull 
on  the  lugs. 

The  fixing  of  these  parts  on  an  extreme  plan  is  not  advisable, 
because   extreme   changes  have  to  be  made  whenever  a  change  is 
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necessary.  It  is  sometimes  claimed  that  to  fix  the  lug  about  2  inches 
higher  than  level  on  the  picking  stick,  and  to  have  the  dog  at  the 
bottom  of  the  picking  arm,  gives  good  results,  but  this  method  does 
not  give  as  good  as  with  the  above  setting.  In  the  first  place,  the 
pull  is  exerted  near  the  middle  of  the  stick,  and  as  the  shuttle  is 
held  in  the  box  by  the  binder,  the  stick  is  being  pulled  against  two 
pressure  points ;  namely,  the  shuttle  and  the  fulcrum  point  at  the 
bottom  ;  and  as  the  leverage  has  been  lost  through  fixing  near  the 
center  of  the  stick,  the  stick  bends  somewhat.  This  means  loss 
of  power  and  has  to  be  overcome  by  dropping  the  dog  and  cone  as  low 
as  possible.  When  the  lugs  are  fixed  below  the  center  to  the  extent 
as  they  were  fixed  above,  the  result  is  a  vibrating  stick,  owing  to  the 
length  above  the  point  where  the  pull  is  exerted.  The  stick  is  often 
broken  by  both  of  the  extreme  settings,  and  the  edge  of  the  lug 
straps  are  cracked  more  readily. 

Some  makers  of  looms  fix  an  adjusting  screw  to  the -shoe  G^ 
This  is  to  give  increased  elevation  to  the  back  of  the  shuttle  when  it 
is  leaving  the  box;  but  a  number  of  shoes  are  designed  to  give  a 
slight  elevation  without  having  to  adjust  any  part.  They  are  best 
when  made  in  this  manner.  If  the  shoe  is  not  fitted  with  an  ad- 
justing nut,  and  there  is  not  sufficient  elevation  to  the  shuttle,  it  can 
be  obtained  by  inserting  a  piece  of  leather  between  the  shoe  and 
stick  at  the  top  of  the  shoe.  If,  on  the  other  hand,  the  shuttle  is 
elevated  at  the  back  when  in  the  box,  but  is  almost  fiat  when  leaving 
the  box  (and  this  occasionally  happens),  a  piece  of  leather  inserted 
between  the  tongue  and  the  stick,  but  at  the  bottom  end,  will  de- 
crease the  elevation  at  the  back,  and  when  leaving  the  box,  increase 
if  the  best  results  are  desired,  say  about  |  inch.  This  keeps  the 
front  end  of  the  shuttle- down  toward  the  race  plate,  and  it  enters  the 
shed  better,  on  account  of  the  small  space  there  is  at  this  time. 
Almost  invariably  the  yarn  is  lower  in  the  shed  beyond  the  temple ; 
the  yarn  that  passes  through  the  temple  is  also  higher  up  oft'  the 
race  plate  than  the  rest  of  the  yarn  ;  so  that  if  the  shuttle  were 
running  flat  from  the  box,  the  front  end  would  be  guided  up  too 
much  by  the  higher  yarn,  and  when  the  shuttle  reached  the  lower 
portion  of  the  shed  beyond  the  temple  it  would  have  a  tendency  to 
fly  out. 

The  Bat  Wing,  or  Ball  and  5hoe  Pick.     There  are    several 
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kinds  of  picking  shoes,  but  while  a  long  sweep  shoe  is  certainly  the 
best,  yet  it  can  be  carried  to  such  an  extreme  as  to  lose  its  value. 
Fig.  81,  which  is  a  shoe  with  a  gradual  incline,  finishing  with  the 
point  almost  perpendicular,  is  far  better  than  the  shoe  with  the 
,2 UX^ S. 


Fig.  81.     A  Correctly  Shaped  Shoe. 


sliding  point,  that  is,  where  the  ball  slides  off  the  top  as  in  ig.  83. 
This  loses  the  essential  feature,  the  firm  finished  stroke,  because  the 
ball  slides  off  instead  of  its  forcing  the  shoe  ;  the  consequence  is  power 
lost.     An  end  view  is  shown  at  Fig.  82. 

The  setting  of  the  pick  shaft  depends  on  the  shape  of  the  shoe, 
but  the  shoe  ought  to  be  of  such  shape  as  to  allow  the  pick  shaft  to 
be  set  perfectly  level.  The  only  case  in  which  one  would  advocate 
the  raising  of  the  back  end  of  the  shaft 
is  when  the  shoe  has  a  sliding  point,  as 
in  Fig.  83.  This  would  help  the  shoe 
in  giving  a  firm  stroke  to  the  finish  of 
the  pick,  but  even  then  a  little  of  the 
gradual  increase  of  the  speed  will  be  lost, 
because  the  ball  will  strike  a  little  higher  Fig.  82. 
up  on  the  shoe.  If  the  shaft  were  low- 
ered at  the    back,  to    take    off  some  of 

the  harshness  of  the  pick  caused  by  the  steep  incline  of  the  shoe, 
the  result  would  only  not  be  a  sudden  sharp  pick,  but  also  an  uneven 
movement  to  the  picking  stick,  caused  by  the  ball  striking  the  lower 
point  of  the  shoe,  passing  over  a  section  without  touching  the  shoe, 
and  then  coming  into  contact  with  the  incline  ;  as  tlie  shoe  is  tilted, 
the  ball  certainly  cannot  descend  lower  than  its  range.  (See  Fig.  84.) 
,  The  inclining  of  the  shaft  also  wears  out  the  power  or  sweep 
stick  quicker  than  it  should  be  worn,  because  the  stud  on  the 
picking  arm  has  not  a  straight  pull  on  the  stick.     This  tilting  some- 


Reduced  End  View 
of  Shoe. 
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times  causes  the  stud  of  picking  arm  to  break,  and  frequently  the 
short  sharp  pick  causes  both  the  picking  arm  and  the  picking  stick 
to  break.  There  is  nothing  better  than  the  shoe  that  enables  the 
shaft  to  be  set  perfectly  level,  for  the  benefit  from  the  full  range  of 
the  motion  is  thus  obtained.  A  glance  at  the  shape  of  shoes  shown 
in  Figs.  81,  83,  and  84  will  demonstrate  this  point. 


Fig.  83.     Old  Style  Shoe. 


The  best  setting  for  the  shoe  shown  at  A  in  Fig.  85  is  here 
given.  Examine  the  shoes  and  see  there  are  no  burrs  pn  the  inside ; 
that  is,  on  the  part  that  fits  on  the  shaft ;  it  is  also  well  to  examine 
that  portion  of  the  picking  arm,  for  the  shoe  and  arm  should  fit 
squarely  on  the  shaft,  so  that  when  the  set  screws  are  tightened,  the 


Fig.  84.     Shape  of  Shoe  Given  an  Abrupt  Motion. 

boss  will  grip  the  shaft.  If  these  preliminaries  are  not  attended  to  the 
shoes  and  arms  are  frequently  becoming  loose,  causing  the  loom  to  bang 
off.  Set  the  shaft  B  in  the  brackets,  and  have  the  shaft  free ;  i.e.,  no 
binding  in  any  part.  If  using  an  adjustable  picking  arm  C,as  is  com- 
mon on  the  narrower  looms,  have  the  arm  at  least  half  an  inch  below 
the  bracket,  so  that  there  is  room  in  which  to  increase  the  power  if 
desired,  without  altering  any  part  of  the  motion.  Set  the  lug  straps 
on  the  picking  stick  in  a  straight  line  with  the  arm.     If  it  is  a  solid 
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arm,  set  the  lug  straps  level  with  that  arm,  but  be  careful  not  to  have 
the  arm  too  far  forward  or  toward  the  front  of  the  loom,  because 
when  the  lay  goes  back,  the  stick  will  bind  on  the  stud  and  either 
break  the  stud  or  the  arm.  When  the  crank  shaft  is  a  little  over 
the  top  center  going  back,  have  the  sweep  stick  in  a  straight  line 
from  the  picking  stick  to  the  arm.  Set  the  shoe  so  that  when 
glancing  down  into  the  loom  the  top  point  of  the  shoe  will  stand 
back  from  the  pick  cam  shaft  a  quarter  to  a  half  an  inch.  Set  the 
range  of  the  ball  D,  to  meet  this,  and  have  the  ball  sweep  up  the 
whole  of  the  shoe.  The  best  possible  results  are  obtained  from  the 
above  setting. 

'D 


A    tzC 


Fig.  85.     Bat  Wing  Picking  Motion. 


The  reason  why  no  rule  in  regard  to  the  number  of  inches  from 
back  girth  to  shoe  has  been  given  (though  some  claim  it  is  best) 
is  because  no  two  makes  of  looms  are  alike,  and  to  fix  the  shoe  7^ 
inches  from  the  socket,  would  result  in  having  the  shoe  too  far 
from  the  range  of  the  ball,  or  too  close  to  the  ball,  either  case  being 
detrimental  to  good  picking. 

Owing  to  the  peculiar  shape  of  the  shoe,  a  stroke  is  obtained 
slow  at  first,  but  gradually  increasing  in  speed  and  finishing  with 
firmness.  If  the  shoe  is  set  too  far  back,  the  ball  strikes  on  the 
steepest  part  of  the  incline,  thus  causing  a  sudden  pick,  and  re- 
quiring more  power.  The  fixer  often  resorts  to  the  lowering  of 
the  lug  strap  on  the  picking  stick  which  results  in  a  broken  pick- 
ing stick,  and  a  crookedly  running  shuttle.  If  the  shoe  is  set  too 
far  in,  the  motion  almost  locks,  producing  an  uneven  jerky  pick 
with  loom  parts  frequently  becoming  loose  and  being  broken. 

Tlie  short  range  of  picking  stick  which    some  fixers  adopt 
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cannot  be  too  strongly  condemned  ;  it  is  faulty  fixing,  and  does 
not  give  the  best  results.  Set  the  ball  and  shoe  as  stated,  fix  the 
lug  strap  and  sweep  stick  on  a  level  from  picking  arm  to  picking 
stick,  and  fasten  the  stirrup  strap  on  the  outside  of  the  picking 
stick,  but  not  on  the  front.  Next,  turn  the  loom  over  and  try  the 
range,  and  if  there  is  enough  sweep  to  bring  the  stick  to  within  3 
inches  or  3^  inches  of  the  bunter,  the  motion  is  then  set  to  the 
best  advantage. 

Study  the  motion  and  you  will  see  why  the  above  setting  is 
given,  as  being  the  better  where  a  rule  is  necessary.  The  shaft 
you  are  gauging  by  is  the  one  to  which  the  ball  is  attached  ;  con- 
sequently that  shaft  and  shoe  are  relative  to  each  other. 

It  is  well  to  have  a  collar  at  each  end  of  the  bottom  or  pick 
cam  shaft,  so  as  to  prevent  the  shaft  from  sliding  when  the  pick 
takes  place,  because  power  is  lost  if  the  shaft  moves  in  the  least. 
The  teeth  on  the  driving  gears  are  worn  more  where  the  pick 
takes  place,  and  where  the  protector  strikes  the  receiver;  so  that 
if  fixing  up  an  old  loom,  it  is  well  to  turn  the  gear  around  to  some 
other  part  of  the  shaft,  for  by  this  means  the  gear  lasts  almost 
twice  the  usual  length  of  time. 

For  the  plain  loom,  a  bunter  can  be  made  from  a  roll  of  cloth, 
wound  as  tightly  as  possible,  then  driven  into  the  end  of  the  race ; 
or  several  pieces  of  leather  nailed  together,  and  placed  in  the  race 
with  the  edges  facing  the  picking  stick.  The  picker  strikes  the 
bunter  instead  of  the  solid  portion  of  the  end  of  l:he  race,  which 
would  very  soon  break  both  picker  and  picking  sticks. 

Saving  of  Pickers.  It  is  sometimes  necessary  and  always 
desirable  for  fixers  to  devise  ways  and  means  to  help  in  saving 
supplies.  The  following  is  a  method  whereby  pickers  can  be 
made  to  last  a  little  longer,  besides  helping  to  use  up  the  old 
pieces.  If  there  are  any  rawhide  pickers  used  in  the  mill,  take  some 
of  the  old  ones  and  soften  so  as  to  cause  that  portion  which  passes 
around  the  spindle  to  become  pliable,  and  allow  its  being  flattened 
out ;  it  can  then  be  cut  to  the  same  shape  as  a  layer  of  the  leather 
picker.  Place  this  on  a  portion  of  the  old  picker  and  add  a  layer 
of  leather  to  the  front ;  these  should  be  made  the  same  thickness, 
of  course,  as  a  regular  picker.  A  little  glue  can  be  added  to  join 
the  pieces  together,  and  all  can  be  nailed  together  afterwards.     Or 
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take  some  scrap  leather,  choose  the  firmest  pieces,  and  cut  them  to 
the  shape  of  the  picker,  and  add  these  to  the  best  part  of  the  old 
one,  nailing  all  together,  and  you  will  find  that  there  will  be  a 
considerable  saving  in  pickers. 

Swells  or  Binders.  The  term  binder  or  swell  is  the  name 
used  to  designate  the  loose  portion  which  holds  the  shuttle  in  place 
when  in  the  box.  The  part  which  a  particular  binder  plays  in  the 
production  of  a  loom,  is  not  taken  sufficiently  into  account,  and 
careful  consideration  of  the  following  is  consequently  necessary. 
There  are  two  distinct  shapes;  we  will  term  them  the  bow  or 
blunted  swell,  and  the  gradual  tapered  swell. 

Front  Binders.  The  first  to  be  considered,  Fig.  86,  is  a  swell 
that  bulges  into  the  box,  and  actually  closes  up  the  space  which 
the  shuttle  should  occupy,  and  to  which  it  should  have  almost  free 


Fig.  86.     Blunt  Shaped  Binder. 

access ;  consequently  the  shuttle  strikes  hard  against  the  swell  in 
entering.  More  power  is  required  to  drive  the  shuttle  when  this 
swell  is  used,  because  it  comes  suddenly  in  contact  with  a  too 
great  resistance.  This  will  in  turn  cause  undue  friction  on  the 
binder  pin,  also  on  the  protection  finger.  There  are  more  rebound- 
ing shuttles  from  the  use  of  blunted  swells,  than  from  almost  any 
other  source. 

There  being  less  space  in  the  box  where  the  shuttle  strikes 
the  binder,  more  power  must  be  applied  to  the  pick  motion  to 
drive  it  far  enough  into  the  box.  This  sudden  jar  not  only  checks 
the  shuttle  but  causes  the  binder  to  spring  back,  when  the  pres- 
sure releasing  the  shuttle  allows  it  to  shoot  into  the  box,  with  the 
result  that  it  strikes  hard  against  the  picker,  forcing  the  stick 
against  the  back  end  of  the  box,  and  finally  the  hard  check  thus 
received  makes  the  shuttle  rebound.     The  loss  incurred  through  a 
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rebounding  shuttle  is  well  known,  consisting  of,  pickers  worn  out 
very  quickly ;  filling  broken,  whether  on  cop  or  bobbin ;  smashes 
often  made  by  the  jumping  of  the  shuttle  spindle  ;  poor  selvedges 
caused  by  slack  filling  ;  and  the  loom  frequently  banging  off  and 
stopping.  Moreover,  straight  or  decent  looking  shuttles  are  rarely 
seen  on  looms  that  have  blunted  binders.  The  face  of  the  shuttle 
is  entirely  worn  away,  thus  frequently  cutting  the  filling. 

To  overcome  the  faults  caused  by  the  swell  described,  the 
fixer  often  sets  the  picking  stick  so  that  it  stays  in  the  picker  race 
about  three  or  four  inches  from  the  back  end  of  the  box.  This  is 
a  very  poor  method  of  remedying  the  difficulty  as  shown  in  the 
section  on  fixing  the  picking  stick. 

The  G-radual  Tapered  Binder.  Fig.  87.  This  is  by  far  the 
better,  and  in  order  to  run  shuttles  correctly  and  to  keep  them  in 
good  condition  should  be  used  always.  The  shuttle  instead  of 
being  jarred  when  it  enters  the  box,  gradually  slides  in,  and  by 
the  time  it  has  reached  the  proper  point,  it  has  been  gradually 
checked,  the  binder  in  part  acting  as  the  check,  as  it  should. 


Fig.  87.     Gradual  Tapered  Binder.     The  Better  One. 

When  using  a  tapered  binder,  it  is  seldom  that  a  patent  check 
is  required ;  all  that  is  necessary  is  a  double  piece  of  leather  at 
the  back  end  of  the  box.  The  following  should  be  emphasized : 
The  more  suddenly  the  shuttle  is  checked  as  it  enters  the  box,  the 
more  liability  there  is  of  the  filling  breaking  or  being  cut ;  because 
the  shuttle  not  only  strikes  the  binder  and  is  jarred,  but  the  back 
portion  of  the  shuttle  comes  forward  and  strikes  the  front  entrance 
of  the  box.  If  the  lay  could  be  stopped  while  the  shuttle  were 
being  thrown  from  box  to  box,  the  blunted  swell  might  possibly 
be  defended,  but  even  then  its  utility  would  be  small  in  compari- 
son to  the  tapered  swell.  It  is  not  well  under  any  circumstances 
whatever,  to  fix  a  binder  so  that  it  checks  tlie  shuttle  as  soon  as  it 
enters  the  box,  or  in  other  words,  never  bend  the  binder  as  near 
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the  front  end  of  the  box  as  possible,  because  it  is  faulty  fixing. 
There  is  not  a  loom  in  existence  which  does  not  bang  off  at  some 
time,  and  if  it  is  one  where  the  binder  has  been  fixed  in  this  man- 
ner, and  a  cloth  is  being  woven  anywhere  near  the  full  reed  space, 
the  result  will  often  be  a  smash,  because  one  end  of  the  shuttle  is 
in  the  shed  while  the  other  end  is  in  contact  with  the  binder,  and 
has  pressed  it  out  just  enough  to  clear  the  dagger  from  the  re- 
ceiver. This  means  that  the  loom  will  run  one  or  more  picks, 
and  that  the  shuttle  will  break  the  yarn.  Sometimes  by  the  above 
method  of  fixing,  the  reed  will  be  destroyed,  the  shuttle  chipped, 
or  the  fillina:  fork  become  bent. 


~X_ 


Fig.  88.    Tapered  Binder. 

The  following  system  is  undoubtedly  preferable  and  should 
be  followed  closely.  Taper  the  binder,  that  is,  have  no  hard 
shoulder  on  it  ;  and  when  the  shuttle  is  in  the  box,  have  the 
binder  grip  the  shuttle  as  near  the  center  as  possible.  This 
method  is  better  because  there  is  no  fear  of  a  smash  from  the  shut- 
tle if  it  is  partly  in  the  shed  when  the  loom  bangs  off ;  then  there 
is  no  jar  to  the  shuttle  when  it  enters  the  box,  and  the  back  end 
of  the  shuttle  will  not  strike  the  front  entrance  of  the  box.     Fig. 


If  the  binder  grips  the  shuttle  toward  the  front  end,  from  the 
center  mark,  you  are  not  only  trying  to  force  it  out  when  picking, 
but  you  are  also  pressing  unduly  against  the  binder  pin,  because 
the  greater  part  of  the  shuttle  is  behind  the  pressure  point,  with 
the  result  that  the  pin  is  soon  worn,  causing  the  binder  to  have 
uneven  pressure,  besides  cutting  the  tilling  occasionally.  When 
the  binder  is  fixed  so  as  to  grip  the  shuttle  toward  the  back  end 
almost  invariably  there  is  more  movement  to  the  front  end  of  the 
binder,  and  this  means  added  friction  on  the  dagger  and  dagger 
finger,  resulting  in  the  dagger  finger  being  worn  out  quicker  than 
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is  necessary.  This  method  of  fixing  the  binder  will  often  cause  a 
crooked  running  shuttle,  because  the  shuttle  leaves  the  binder  too 
soon,  and  when  the  full  power  is  applied  to  the  stick,  there  is  noth- 
ing to  guide  the  shuttle,  and  it  wobbles  when  leaving  the  box.  If 
adjustable  steel  binders  are  used,  those  that  are  fixed  to  a  loose 
part  of  the  front  of  the  box,  it  is  well  to  bend  the  back  end  a  little 
from  the  shuttle  ;  if  this  is  not  done,  the  end  of  the  swell  will  some- 
times cut  the  shuttle.  There  is  no  need  to  have  the  binder  in  con- 
tact with  the  shuttle  for  half  its  length  or  more,  as  is  practiced  b}' 
some  fixers  ;  one-sixth  is  all  that  is  necessary  because  in  nine  out 
of  ten  cases  with  the  former  style  of  fixing,  the  front  end  of  the 
binder  is  pressing  against  the  outside  pin,  so  that  there  is  more 
movement  to  the  dagger  than  is  necessary,  and  also  undue  pres- 
sure on  the  shuttle,  which  eventually  causes  the  shuttle  to  be  cut 
at  the  back  by  the  slot  in  the  boxes. 

Bach  Binder.  The  question  as  to  whether  a  front  or  back 
binder  is  the  better,  has  been  much  disputed.  The  front  binder 
is  undoubtedly  preferable,  and  may  be  proven  in  various  ways. 
With  the  front  binder,  the  protection  motion  which  has  a  receiv- 
ing plate  or  plates  under  the  breast  beam  is  used  ;  the  protection 
fingers  are  fixed  on  the  protection  rod  at  the  front  of  the  lay  sole  ; 
and  these  being  placed  in  this  manner  enable  the  fixer  to  make  any 
repairs  that  may  be  necessary,  and  in  far  less  time  then  when  the 
rod  is  placed  at  the  back  of  the  lay  sole.  When  the  top  ends  of 
the  two  fingers  on  the  front  ])rotection  rod  are  j^ressed  against  the 
binder,  and  both  the  binders  are  of  the  same  shape,  the  dagger 
point  moves  in  the  same  direction  whichever  binder  is  being  oper- 
ated. This  is  not  always  the  case  with  the  fingers  used  for  the 
back  binder.  Owing  to  the  ends  of  the  rods  being  bent  at  right 
angles  from  the  lay  sole,  it  is  possible  to  have  the  top  ends  of  the 
fingers  pressed  against  the  binders,  and  the  bottom  end  of  one  of 
the  fingers  closer  to  the  lay  sole  than  the  other.  This  causes  the 
dagger  on  one  side  to  be  raised  higher  than  the  other,  and  is  a 
source  of  annoyance,  for  when  the  speed  changes,  the  one  that  is 
raised  the  least  will  occasionally  cause  the  loom  to  bang  off. 

A  front  binder  when  correctly  shaped,  presses  the  shuttle  to 
the  back  of  the  box,  and  when  a  shuttle  is  kept  in  contact  with 
the  back  of  the  box,  it  will   most  certainly  have   a  better   chance 
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to  hug  the  reed  as  it  passes  across  the  lay  from  box  to  box; 
A  back  binder  presses  the  shuttle  to  the  front  of  the  box,  and 
when  it  is  being  picked  from  the  box,  to  come  in  contact  with  the 
reed,  it  depends  upon  its  own  weight  and  the  motion  of  the  lay. 
There  is  greater  tendency  to  have  a  wedge  shaped  box  through  the 
back  binder,  than  by  the  front  binder. 

BEATING   UP. 

The  third  principle  movement  in  weaving  is  beating  up;  that 
is,  the  beating  up  of  the  last  pick  of  filling  after  it  has  been  laid 
in  the  shed  by  the  shuttle,  the  constant  repetition  of  which  results 
in  the  formation  of  the  cloth. 

Eccentricity  of  the  Lay.  There  is  a  slow  and  fast  movement 
to  the  lay,  which  is  absolutely  necessary  for  the  formation  of  good 
solid  cloth.  It  is  the  unequal  motion  which  gives  the  name  of 
beating  up  to  this  part  of  weaving.  If  the  motion  were  equal,  the 
filling  would  simply  be  laid  in,  consequently  the  cloth  would  be 
open  and  loose. 

The  lay  travels  with  greater  speed  as  it  comes  forward  to  beat 
up  the  last  pick ;  and  with  less  speed  when  the  shuttle  is 
travelling  across  the  lay.  The  value  of  the  eccentricity  of  the  lay 
is  seen,  not  only  in  the  firm  cloth  produced  by  the  quick  beat,  but 
also  in  the  longer  time  it  takes  the  lay  to  pass  beyond  a  certain 
point  while  the  shuttle  is  running  from  box  to  box.  It  would  be 
impossible  to  pick  the  shuttle  across  the  lay,  and  have  it  clear  the 
shed  as  it  should,  if  there  were  not  a  slowing  down  of  the  speed  of 
the  lay  at  this  time  ;  unless  tremendous  power  were  applied  to  the 
pick  motion.  Even  with  eccentricity,  it  is  difficult  on  some  looms 
to  get  the  shuttle  clear  of  the  shed.  This  is  mainly  owing  to  the 
short  range  of  the  crank,  and  the  size  of  the  shuttle  being  too 
great. 

There  is  a  general  impression  that  the  slowing  down  of  the 
lay  is  caused  by  the  pick  motion,  but  that  is  not  so,  although  a 
pick  motion  that  is  fixed  so  as  to  give  a  hard  blow,  will  tend  to 
check  the  lay,  but  this  is  the  result  of  faulty  fixing. 

It  would  be  well  if  the  loom  makers  would  construct  the  lay 
swords  so  that  they-  could  be  altered  to  do  the  best  of  work  on 
various  fabrics  ;  instead  of  having  the  lay  sword  fixed  direct  to  the 
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rocker  shaft  have  a  bracket  with  slots  in  it  attached  to  the  shaft, 
and  the  swords  bolted  to  the  bracket.  This  would  admit  of  the 
changing  over  of  the  loom  from  fine  to  coarse  goods  or  heavy 
fabrics.    In  manufacturing  coarse  goods  a  little  larger  shuttle  should 
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Fig.  89.     Diagram  Descriptive  of  Beating  Up. 

be  used,  owing  to  the  necessity  of  having  more  filling  on  the  bobbin, 
or  a  larger  cop ;  in  this  case  a  slight  increase  of  eccentricity  would 
allow  a  slightly  longer  time  for  the  larger  shuttle  to  pass  through 
the  shed,  without  noticeable  increase  of  power  on  the  pick,  also 
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with  less  possibility  of  breaking  out  the  side  ends.  For  coarse 
or  heavy  goods  a  firmer  beat  up  is  required  to  help  in  the  making 
of  the  heavier  fabric,  and  nothing  would  be  lost  because  of  a  little 
extra  time  for  the  shuttle. 

The  eccentricity  of  the  lay  is  caused  by  the  crank  shaft  being 
on  a  higher  or  lower  plane  than  the  connecting  pin  of  the  crank 
arm  of  the  lay.  Fig.  89  shows  a  diagram  representing  the  lay 
connected  to  the  crank  shaft.  A  sectional  view  has  been  made 
use  of,  cut  through  the  lay  sword  and  lay  sole,  with  circles  to  de- 
scribe the  motion  of  the  crank  shaft.  The  heavy  circle  represents 
the  crank  shaft  on  a  level  with  the  connecting  pin.  The  two  light 
circles  show  the  crank  shaft,  higher  or  lower  than  the  central 
point.  If  a  crank  has  a  radius  of  3  inches,  it  will  give  a 
movement  to  the  lay  of  6  inches  ;  so  that  if  the  crank  shaft  is 
fixed  on  the  same  plane  as  the  connecting  pin,  whatever  position 
the  lay  is  in  when  moving  back,  the  crank  shaft  will  be  in  the 
same  relative  position  when  the  lay  moves  forward.  A  glance  at 
the  diagram  will  show  this.  Line  A,  represents  the  lay  moved 
half  its  distance,  say  backward;  describing  the  arc  B,  from  the 
center,  shows  that  the  crank  would  be  in  the  same  relative  position 
when  the  lay  has  gone  back  to  its  full  extent  and  has  returned  to 
the  same  half  distance  again,  indicated  by  B,  so  that  there  is  equal 
movement  to  the  lay  when  the  crank  shaft  is  on  a  plane  with  the 
connecting  pin.  The  commonest  illustration  of  this  is  the  crank 
pin  on  an  engine. 

If  the  crank  shaft  is  dropped  to  the  position  shown  by 
the  lower  circle,  it  will  readily  be  seen  where  the  crank  shaft 
would  be  when  the  lay  is  moved  half  its  distance,  still  using  the 
same  measurements  as  at  first,  so  as  not  to  confuse.  The  dotted 
arc,  B2,  shows  the  position  of  the  crank  when  the  lay  has  been 
brought  back  to  half  distance,  and  the  space  between  the  dotted 
arc  and  line  C,  is  considerabl}^  larger  than  the  space  between  arc 
B  and  line  C.  D  and  D^  indicate  where  the  crank  would  be  when 
on  its  back  center ;  D  clearly  proving  the  longer  length  of  time 
that  would  be  allowed  for  the  shuttle  to  pass  across  the  lay.  E 
shows  how  much  less  distance  the  lay  would  have  to  travel  to 
reach  the  cloth  by  the  lower  setting,  than  by  the  level  setting, 
indicated  at  E^. 
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American  looms  are  set  by  the  lower  setting;  English  looms 
by  the  top  setting.  The  former  passes  back,  the  latter  comes 
forward.  The  greater  space  from  dotted  arc  to  line  C,  shows  that 
the  lay  will  travel  the  last  portion  of  its  movement  in  quicker 
time,  and  so  give  a  firmer  beat  to  the  cloth.     The  longer  path  from 

the  beat  up  to  the  point  oc- 
cupied by  the  lay  when  it  has 
travelled  back  to  its  furthest 
l_  D  limit  means  that  there  is  more 
Q  time  to  get  the  shuttle  across 
the  lay.  This  is  simply  be- 
cause more  time  elapses  in 
the  passing  over  of  the  lay, 
from  the  time  the  pick  takes 
place  (top  center)  to  the  re- 
turning of  the  lay. 

Again,  if  the  lay  is  a  lit- 
tle farther  back,  (even  a  very 
small  amount)  when  the  pick 
commences,  there  will  cer- 
tainly be  more  space  for  the 
shuttle  to  enter  the  shed^ 
which  is  actually  the  case  on 
the  lower  setting.  A  fixer 
realizing  these  points  can  ad- 
just the  motions  of  a  loom  so 
that  better  results  are  obtain- 
ed than  if  he  knew  nothing 
of  the  values  of  eccentricity. 
The  eccentricity  of  a  loom  is 
generally  determined  by  the 
loom  fixer  ;  but  looms  at  the 
present  day  are  very  seldom 
worn  out  weaving  the  same  class  of  goods  they  were  intended  to 
weave  so  that  changes  being  frequently  necessary,  better  results 
can  be  obtained  where  the  lay  swords  are  adjustable. 

Lay  soles,  heavier  than  those  in  general  use,  are  an  advantage 
as  there  is  more  stability  and  the  power  of  the  beat-up  is  increased. 


Fig.  90.     Perpendicular  Lay. 


WEAyiNG. 


133 


A  race  board  is  preferable  to  a  race  plate ;  it  is  easier  on  the  yarn, 
the  shuttle  travels  better,  and  in  general  gives  better  results.  It 
would  be  an  advantage  to  have  the  rocker  shaft  fixed,  so  that 
■when  beating  up,  the  lay  would  be  forward  of  perpendicular  ;  this 
would  prevent  the  lay  from  descending  too  far,  when  at  the  back 
center,  as  it  does  in  many  looms. 
A  glance  at  Fig.  90  will  show 
this  plainly.  The  objection  to 
the  setting  of  the  lay  shown  at 
Fig.  90  is  that  the  shuttle  to  run 
straight  ought  to  lie  flat  on  the 
yarn  on  the  race  and  hug  the 
reed  ;  but  it  cannot  do  this  be- 
cause the  yarn  tilts  the  shuttle 
up,  and  in  the  endeavor  to  over- 
come this,  the  harnesses  are  low- 
ered to  get  the  yarn  on  the 
race.  By  this  arrangement  it  is 
then  so  low  on  the  front  edge  of 
the  race  that  it  rests  there  for 
over  three  quarters  of  the  move- 
ment of  the  lay,  which  is  most 
certainly  detrimental,  as  the 
yarn  is  constantly  chafed.  Line 
A,  shows  position  of  warp  yarn 
when  the  lay  is  beating  up  the 
filling.  B  B  shows  an  open 
shed,  with  lay  on  back  center  ; 
C  shows  how  the  bottom  shed 
would  be  above  the  back  of  race 
plate,  and  yet  on  the  front 
edge.      D    shows    the    shuttle 

away  from  the  reed.  If  the  yarn  for  the  lower  shed  C,  were 
dropped  any  lower,  it  would  rest  heavily  on  the  front  edge  and 
would  be  chafed  almost  continually  while  weaving.  A  remedy 
for  this,  is  the  packing  forward  of  the  lay,  that  is,  provided  the 
rocker  shaft  cannot  be  changed.  Insert  a  strip  of  leather,  piece 
of  wood  or  pasteboard,  between  the  crank  pin  bracket  and  the  lay 
sword,  thus  throwing  the  lay  forward. 


Fig.  91.     Lay  Forward  of 
Perpendicular. 


134 


WEAVING. 


The  Lay.     The  following  parts  comprise  the  lay:  Fig.  92, 
AA,  lay  sole,  a  long  piece  of  wood  varying  in  size,  according  to 
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the  width  and  make  of  loom ;  it  is  most  commonly  made  from 
well  seasoned  ash.     BB,  two  lay  swords  which  support  the  sole; 
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the  swords  are  connected  at  the  foot  to  the  rocker  shaft,  the  crank 
arms  are  also  connected  to  a  lug  or  bracket  fixed  at  the  back  of 
the  swords  and  lay  sole.  CC,  shuttle  boxes  ;  these  are  placed  one 
at  each  end  but  on  the  top  of  the  lay  sole,  and  vary  in  length 
according  to  the  make  and  width  of  the  loom.  DD,  swells  or 
binders  which  are  connected  to  the  shuttle  boxes ;  these  are  ex- 
plained in  a  separate  chapter.  EEE,  protection  rod  and  finger.  F, 
reed  or  lay  cap ;  a  groove  is  made  behind  the  race  and  in  the  lay 
sole,  and  when  the  reed  is  placed  in  the  groove,  the  lay  cap  is 
placed  on  the  top  of  the  reed,  then  a  bolt  attaches  the  cap  to  the 
tops  of  the  lay  swords. 

Shuttle  Boxes  and  Shuttles.  Shuttle  boxes  should  be  made 
with  sufficient  room  for  the  shuttle  ;  this  is  becoming  more  widely 
recognized  than  formerly.  There  are  shuttle  boxes  on  some  looms 
with  not  a  half  inch  to  spare  ;  that  is,  the  shuttle  is  of  practically 
the  same  length  as  the  box,  which  is  anything  but  correct,  for  if 
the  shuttle  does  not  reach  the  end  of  the  box  when  picked  over, 
the  loom  is  likely  to  bang  off.  This  will  frequently  happen,  es- 
pecially if  the  speed  varies.  The  pickers  are  worn  out  sooner  on 
such  looms,  because  the  shuttle  bangs  hard  against  them.  These 
looms  often  make  smashes,  part  of  the  shuttle  being  in  the  shed, 
while  the  rest  of  it  is  far  enough  in  the  box  to  press  back  the  swell 
and  so  lift  up  the  dagger.  Almost  invariably  these  looms  have  a 
blunt  swell,  and  the  whole  construction  is  a  source  of  endless 
trouble;  less  floor  space  and  a  slight  lessening  of  the  weight  of  the 
lay,  is  the  reason  claimed  for  their  use.  This  gain,  however,  does 
not  half  make  up  for  the  loss  entailed  by  their  operation.  As 
stated  in  the  chapters  on  picking ;  the  box  should  be  one-quarter 
of  an  inch  greater  in  width  and  height  than  the  shuttle.  There 
should  be  at  least  two  inches  to  spare  in  the  length  of  the  box, 
and  three  would  be  better.  The  explanations  concerning  swells 
should  be  brought  to  mind  in  connection  with  this. 

Shuttles  vary  in  length  from  12|  inches  to  18  inches,  though 
some  are  longer  than  these.  The  commonest  size  for  narrow  looms 
weaving  from  28  to  36  in.  cloth,  is  one  that  is  13  to  13^  inches  in 
length,  1^  inches  in  width  and  1^  in  depth  ;  this  is  for  weaving 
cop  filling.  Shuttles  for  weaving  cop  filling  can  be  smaller  in 
width   and    depth,  than  when  weavmg    filling    from  the   bobbin. 
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In  Fig.  93,  A,  E,  F,  show  the  shape  of  three  excellent  shuttles. 
A  is  a  small  shuttle  for  cop  filling ;  E  a  combination  cop  and 
bobbin  shuttle  ;  F  is  also  a  bobbin  shuttle  ;  all  three  of  these  enter- 
ing the  shed  in  as  near  a  perfect  manner  as  possible.  When  run 
correctly,  they  will  "not  spoil  the  selvedge  threads.  C  and  D  are 
large  woolen  loom  shuttles.    D  is  the  better  of  the  two  and  is  fitted 


F 

Fig.  93.     Different  Types  of  tShuttle. 


with  a  patent  spindle  in  order  that  it  may  carry  twister  bobbins. 
There  is  no  need  of  a  long  backed  shuttle,  B  and  C  ;  it  is  a  fallacy 
to  ttink  that  the  long  back  helps  it  to  hug  the  reed ;  on  the  other 
hand,  this  shape  has  a  shoulder  that  very  often  spoils  selvedges, 
breaks  out  selvedge  threads,  beside  requiring  more  powder  to  drive 
the  whole  across  the  lay.     A  tapered  shuttle  is  far  better,  and  the 
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points  to  be  considered  in  ordering,  should  be  to  have  as  much 
taper  as  possible,  and  with  the  tip  in  the  center. 

This  style  of  shuttle  requires  less  power  to  drive  it,  as  it 
meets  with  less  resistance  in  its  passage  out  of  one  box  and  into 
the  other.  When  the  pick  commences,  the  crank  shaft  is  on  the 
top  center;  there  is  then  but  very  little  space  for  the  shuttle  to 
enter  the  shed.  Of  course,  as  the  lay  travels  back  the  space  is 
increased,  but  the  shuttle  is  travelling  at  the  same  time,  and  when 
the  full  space  is  realized  the  shuttle  is  two-thirds  across  the  lay, 
for  by  the  time  the  crank  shaft  is  between  back  and  bottom  centers, 
the  shuttle  ought  to  be  full  in  the  box.  Hence  the  reason  why  a 
tapered  shuttle  is  better  ;  a  longer  time  elapses  before  the  large 
part  of  the  shuttle  reaches  the  shed  ;  the  lay  is  travelling  back,  and 
there  is  consequently  less  resistance  ;  it  runs  better  also  with  less 
power,  and  the  liability  of  its  being  turned  over  is  not  as  great.  As 
proof  of  the  latter,  it  is  a  well-known  fact  that  a  shuttle  picked  a 
trifle  early,  will  sometimes  be  turned  when  it  reacUes  the  opposite 
box  ;  it  is  also  thrown  out  occasionally.  If  a  little  earlier  picking 
will  cause  the  above  faults,  there  must  be  a  gain  from  increase  of 
time.  Do  not  mistake  this  by  thinking  that  the  faults  could  be 
overcome  by  later  picking  ;  the  shuttle  would  not  be  clear  of  the 
opposite  end  of  the  shed  and  more  power  would  have  to  be  applied 
to  get  clear  of  it. 

LET-OFF   MOTIONS 

The  meaning  of  the  term  "  let-off  '"   is  the  allowino-  of  the 

o  O 

requisite  quantity  of  yarn  to  pass  off  the  beam,  in  accordance  with 
the  taking  up  of  the  woven  cloth. 

Gear  Let-Off.  Fig.  94  shows  a  sketch  of  one  style  of  gear 
let-off.  There  are  many  styles,  all  of  which  require  fine  adjust- 
ment if  good  results  are  desired.  The  different  styles  vary  some- 
what in  construction,  but  all  are  controlled  more  or  less  by  the 
vibrations  of  the  whip  roll.  Some  in  addition  to  this  are  assisted 
by  the  lay  sword.     This  figure  is  one  after  that  order. 

Fig.  95  is  a  let-off  which  shows  a  combination  of  gear  and 
friction.  Another  style  is  arranged  in  the  following.manner :  An 
arm  descends  from  the  whip-roll,  the  lower  end  of  the  arm  being 
in  contact  with  a  sliding  beveled  gear.      This  gear  is  connected 


138 


WEAVING. 


to  a  small  shaft  by  a  loose  key,  so  that  the  gear  can  turn  the  shaft 
yet  slide  freely  on  it  when  pressed  forward  by  the  whip  roll  arm. 
A  second  beveled  gear  is  fixed  on  the  bottom  shaft.  The  shaft 
that  supports  the  sliding  gear  has  a  worm  fixed  on  its  end.  This 
worm  is  geared  into  a  worm  gear  fixed  on  the  arbor  of  the  beam. 
When  the  lay  beats  up,  the  warp  is  tightened  and  in  this  way 
the  whip  roll  is  caused  to  oscillate  ;  the  whip  roll  arm  then  forces 
the  sliding  gear  pulley  against  the  fixed  gear.  This  gives  motion 
to  the  sliding  gear,  which  through  the  turning  of  the  worm  and  the 
worm  gear,  causes  the  warp  to  let  off  more  or  less  yarn.     This  is 


Fig.  94.     Gear  Let-Oflf. 


considered  a  very  good  motion.  The  lengtli  of  yarn  let  off  varies 
according  to  the  oscillation  of  the  whip  roll,  because  the  friction 
pulley  will  come  in  contact  with  the  fast  pulley  earlier,  and  will 
also  remain  longer  in  contact. 

It  is  not  always  best  to  give  much  motion  to  the  whip  roll, 
especially  if  very  thin  cloths  are  being  woven,  and  this  let-off 
being  used,  the  extreme  oscillation  is  likely  to  cause  thin  places, 
by  allowing  too  much  movement  of  the  yarn.      (Note  causes  of 
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uneven  cloth.)  Fig.  94  shows  very  clearly  the  whole  motion  ; 
the  upper  spring  K,  is  the  one  which  is  changed  to  obtain  the  dif- 
ferent tensions  on  the  warp,  by  loosening  the  small  set  collar  and 
compressing  the  spring.  In  this  way  more  tension  is  added  to  the 
warp,  while  the  opposite  will  reduce  the  tension. 

With  this  motion  it  is  best  to  have  the  upright  lever  A,  al- 
most perpendicular  when  the  lay  sword  is  drawing  forward  the 
rod  B,  so  that  on  the   extreme  front  the  upright  lever  will  have 


Fig.  95.     Friction  and  Gear  Let-Off. 


moved  an  equal  distance  to  the  opposite  side.  The  compression 
on  the  lower  short  spring  K^,  (which  counterbalances  the  oscilla- 
tion of  the  whip  roll  and  the  rebound  of  the  top  spring)  is  gov- 
erned by  the  stoutness  of  the  top  spring.  The  diagram  gives  a 
veiy  good  position,  having  been  used  on  a  loom  weaving  a  5  end 
satin  cloth  with  about  180  picks  per  inch. 

This  is  sometimes  called  a  positive  let-olT  motion,  but  inas- 
much as  the  pawl  D,  will  cover  two  or  three  teeth  at  different 
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times,  it  is  scarcely  positive.  When  setting  this  motion  be  care- 
ful to  see  that  the  gears  are  not  too  deep,  for  often  the  bottom  of 
the  teeth  on  the  beam  head  are  rough,  and  the  rough  places  cause 
the  beam  to  jump,  with  the  result  that  there  are  thick  and  thin 
places  in  the  cloth.  The  \A^orm  E,  ought  to  be  set  in  the  gear  F, 
so  that  the  shaft  with  the  worm  and  ratchet  gear  G,  will  turn 
freely  by  hand.  The  stud  on  the  oscillating  Ipver  H  ought  to  be 
in  good  condition  ;  on  this  stud  the  rod  K  is  placed ;  so  that  if  the 
stud  is  worn,  there  is  uneven  motion  to  the  lever,  and  consequently 
the  pawl  D,  will  not  turn  the  ratchet  as  it  should.  The  pawl  is 
attached  to  lever  D',  and  the  point  of  the  pawl  is  held  in  contact 
vnth  the  teeth  of  the  ratcliet  by  a  small  spring  at  the  back  end  of 
the  pawl.  Sometimes  the  small  spring  loses  its  power  and  the 
pawl  does  not  engage  in  the  teeth  of  the  ratchet ;  the  edge  of  the 
pawl  becomes  worn,  and  if  either  of  these  take  place  the  result  is 
uneven  cloth. 

Sometimes  the  spring  that  is  in  the  hub  of  lever  A,  loses  its 
power  owing  to  the  weaver  not  keeping  the  lever  clean,  or  by 
undue  pressure  on  the  lever ;  the  result  is  uneven  cloth.  Occa- 
sionally the  bracket  j\I,  will  be  displaced  ;  this  causes  the  motion 
to  bind ;  or  if  during  cleaning,  the  upright  shaft  E,  is  displaced, 
the  results  will  be  very  poor  cloth. 

These  motions  require  great  care,  for  if  any  part  of  the  motion 
be  out  of  place,  or  worn  too  much,  the  result  will  be  a  great  vari- 
ation in  the  picks  per  inch  and  consequently  a  cloth  that  will  be 
rejected.  Through  failure  to  attend  to  these  motions,  cloth  has 
been  woven  with  a  variation  of  8  to  12  picks  per  inch  more,  or 
less  then  there  should  have  been. 

Motions  such  as  Fig.  94  should  be  changed  as  the  warp 
decreases,  that  is  the  tension  spring  should  give  less  tension, 
because  a  smaller  warp  requires  less  weight  or  tension,  but  Fig. 
95,  shows  a  motion  designed  to  control  itself.  A  is  the  whip  roll 
arm,  the  lower  portion  of  which  is  in  contact  with  the  friction 
lever ;  the  friction  lever  rests  on  the  pulley  C  ;  on  the  same  shaft 
as  C  is  a  small  spur  gear,  which  meshes  into  the  larger  gear  E. 
E  is  a  small  shaft  which  runs  parallel  to  the  back  brace  of  the 
loom  ;  on  the  inside  end  of  this  shaft  is  the  gear  F ;  this  gear 
meshes  into  the  teeth  of  the  beam  head  G.     An  extended  arm  H, 
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is  fixed  to  tlie  lower  portion  of  tlie  loom  ;  to  the  end  of  this  arm 
a  strip  of  iron  is  fixed  ^  inch  by  i  inch,  and  18  inches  long.  K 
shows  the  shape  of  this  strip.  The  bend  of  the  strip  is  held  in 
contact  with  the  yarn  on  the  beam  by  means  of  the  spring  L  ;  this 
spring  is  connected  to  the  friction  lever.  The  larger  the  beam 
the  more  the  spring  is  stretched ;  this  will  cause  the  friction  lever 
to  rest  more  heavily  on  the  friction  pulley.  The  less  the  amount 
of  warp  the  higher  the  strip  is,  and  the  less  stretch  to  the  spring, 
with  less  pressure  of  the  lever  on  the  pulley.  The  motion  is 
operated  by  the  vibrations  of  the  whip  roll.  As  the  lay  beats  up 
the  whip  roll  descends,  giving  movement  to  the  whip  roll  arm, 


Fis:.  96.     Friction  Let-Off.     Woolen  Loom. 


causing  the  friction  lever  to  be  raised  up  from  the  pulley ;  arrows 
indicate  the  movement.  The  greater  the  motion  to  the  whip  roll 
the  higlier  the  friction  lever  is  raised,  and  more  yarn  is  let  off 
from  the  beam.  It  is  the  strain  on  the  yarn  by  the  beating  in  of 
the  picks  of  filling,  together  with  the  taking  up  of  this  yarn,  that 
causes  the  motion  to  be  let  off  the  warp,  when  the  friction  lever 
is  raised. 

This  motion  is  also  designed  to  be  a  smash  preventer,  in  addi- 
tion to  a  let-off.  If  the  shuttle  by  accident  stops  in  the  shed  and 
the  protection  is  out  of  ordei',  when  tlie  reed  comes  in  contact 
with  the  shuttle  more  motion  is  given  to  the  whip  roll,  and  the 
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friction  lever  is  lifted  entirely  off  the  pulley  ;  there  being  no  ten- 
sion on  the  warp  it  slackens  off  and  so  prevents  a  smash. 

There  are  various  opinions  in  regard  to  the  value  of  the 
several  let  off  motions,  subject  however,  to  the  statement  that  no 
motion  whether  friction  or  gear,  will  yield  good  results  if  not 
kept  in  good  condition. 

Friction.     There  are  several  ways  of  obtaining  friction  for 


Fig.  97.     Kope  Friction  Let-Off. 


the  friction  let-off,  but  the  use  of  rope  is  the  most  common. 
Hemp  rope  seems  to  meet  the  conditions  better  than  anything 
else ;  it  is  less  likely  to  stick  on  the  beam  flange  and  gives  an 
even  tension.  Chains  are  used,  but  they  require  great  care  be- 
sides the  use  of  a  large  quantity  of  black  lead,  or  the  chain  will 
groove  the  flange  in  a  very  short  time.  A  steel  band  is  very  good, 
but  to  obtain  the  best  results  a  strip  of  burlap  should  be  placed 
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around  the  flange  underneath  the  steel  band  Fig.  96,  A.  The 
knot  by  which  the  burhip  is  tied,  ought  to  be  between  the  con- 
nections of  the  ends  of  the  steel  band  and  not  under  the  band ; 
want  of  cai-e  in  this  respect  will  cause  uneven  cloth. 

Raw  hide  is  sometimes  used,  but  is  expensive,  and  becomes 
hard  very  quickly,  retaining  the  hoop  shape  from  being  around 
the  flange,  so  that  when  changing  warps  care  has  to  be  exercised 
in  changing  the  band,  or  it  will  break.  With  the  exception  of 
the  heavy  looms,  (generally  for  woolen  and  worsted),  a  rope 
Jriction  is  undoubtedly  better,  Fig.  97  ;  it  is  the  least  costly,  very 
easily  handled,  and  will  serve  for  thin  as  well  as  for  thick  or 
heavy  fabrics.  Very  few  ordinary  gear  let  offs  will  do  this,  as 
they  are  able  generally,  to  control  only  medium  weights.  The 
weight  required  for  tension  on  a  warp  can  only  be  determined  by 
the  weight  of  the  warp,  and  the  picks  that  are  being  placed  in  the 
cloth,  few  picks  requiring  little  weight,  a  larger  number  of  picks 
more  weight.  If  a  friction  let-off  is  used,  it  must  be  kept  clean,  and 
so  far  as  possible,  oil  should  not  be  allowed  to  drop  on  the  beam 
flange,  for  if  it  gets  on  the  friction,  it  makes  it  sticky  and  during 
the  slightest  change  of  the  atmosphere,  will  become  uneven  in  its 
operation  and  cause  poor  cloth. 

Black  lead  should  be  used  in  connection  with  the  friction. 
French  chalk  is  sometimes  applied,  but  it  has  a  tendency  to  at- 
tract moisture.  If  troubled  with  the  friction  sticking,  clean  it 
thoroughly  and  apply  a  quantity  of  black  lead,  also  rub  the  flange 
with  the  same. 

TAKE-UP    MOTIONS. 

The  take  up  draws  down  the  cloth  as  it  is  woven  and  winds 
it  upon  a  roll.  If  the  motion  is  in  good  order,  the  positive  take 
up  will  draw  down  the  cloth  in  an  even  manner,  without  any 
other  assistance.  If  a  certain  number  of  picks  per  inch  are  re- 
quired in  the  cloth,  a  change  gear  of  a  certain  number  of  teeth 
placed  in  the  train  of  gears  will  continually  yield  the  same  number 
of  picks  per  inch. 

Positive.  Positive  take-up  motions  are  divided  into  two 
classes,  Intermittent  and  Continuous.  The  intermittent  motion  is 
one  in  which  the  gear  receives  motion  from  a  pawl,  with  which 
there  is  an  interval  between  the  drawing  over  of  one  tooth  to  the 
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taking  up  of  the  other.  These  are  the  most  common  on  cotton 
looms.  These  motions  take  up  with  the  motion  of  the  lay,  or  a 
cam  fixed  to  the  crank  or  pick  cam  shafts. 

The  continuous  motion  has  a  worm  drive,  so  that  when  the 


Fig.  98.     Take-Up  Driven  by  Lay  Sword. 


loom  is  in  motion  there  is  constant  movement  of  the  take-up. 
One  great  advantage  of  this  motion  is  that  if  the  loom  should  be 
run  in  the  opposite  direction,  the  cloth  is  turned  back  at  the  same 
time,  because  the  driving  motion  is  reversed.  This  prevents  the 
many  thin  places  that  occur  with  the  intermittent  motion. 
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Intermittent.  The  simplest  form  of  take-up  motion  in  use 
at  the  present  time,  is  one  that  has  only  three  gears.  A  ratchet, 
small  pinion  (which  is  also  the  change  gear),  and  the  beam  gear. 
With  such  a  motion,  there  is  not  a  wide  range  for  the  changing 
of  the  number  of  picks  per  inch,  so  that  three  motions  are  gener- 
ally used  in  the  weaving  of  coarse  goods. 

The  most  common  range  or  train  of  gears  is  such  as  shown  in 
Fig.  98.  This  motion  allows  a  very  wide  range  for  changing,  but 
when,  as  sometimes  happens,  an  order  necessitates  a  half  pick  in- 
crease per  inch,  additional  gears  must  be  added ;  so  that  instead 
of  five  gears,  there  would  be  seven ;  or  a  change  would  be  made 
in  the  stud  gears. 

Fig.   99   shows   the   ratchet  receiving  motion   from   a   draw 
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Fig.  99.     Intermittent  Take-Up  Motion. 


lever  commonly  called  the  take-up  lever.  This  lever  receives 
motion  from  a  cam  fixed  on  the  pick-cam  shaft.  Sometimes  the 
cam  is  on  the  crank  shaft.  On  other  looms  the  motion  as  in 
Fig.  98,  is  imparted  by  the  lay  sword.  Whatever  kind  of  motion 
is  used,  it  is  best,  so  far  as  possible,  to  set  the  pawls  so  that  they 
will  turn  the  ratchet  while  the  harnesses  are  level,  or  nearly  so, 
because  at  this  time  there  is  the  least  strain  on  the  yarn,  and  it 
requires  less  power  to  turn  the  gears.  There  is  also  less  possibil- 
ity with  this  setting  for  the  pawls  to  slip  over  the  teeth  of  the 
ratchet,  owing  to  the  small  amount  of  strain  on  the  yarn.  The 
correct  time  to  set  the  cam  H,  is  to  have  the  throw  of  the  cam  at 
the  front  center,  when  the  crank  shaft  is  between  the  bottom  and 
front  centers,  but  slightly  inclined  to  the  front,  with  the  shuttle 
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in  the  box  at  the  fork  side ;  setting  the  cam  on  this  time,  allows 
the  check  pawl  to  be  lifted  freely,  to  prevent  the  take  up  of  the 
gears  when  the  filling  breaks,  and  this  also  prevents  thin  places. 

If  the  motion  comes  from  the  lay  sword,  and  a  draw  pawl  is 
used,  better  results  are  often  obtained  by  changing  to  a  drive 
pawl,  because  the  latter  will  operate  the  take  up  while  there  is 
the  least  strain  on  the  shed,  and  although  the  shed  may  be  open- 
ing as  the  lay  goes  forward,  the  beating  up  taking  place  at  the 
same  time,  weaving  the  cloth  loosely;  this  point  helps  in  the  take 
up.  When  the  motion  however,  commences  after  the  lay  has 
beaten  up,  there  is  nothing  to  relieve  the  strain  on  the  yarn ;  this 
causes  the  motion  to  work  hard,  and  it  very  soon  wears  out. 

In  the  diagram  of  this  motion  Fig.  99,  A,  is  the  ratchet  gear ; 
B,  small  pinion;  C,  change  gear;  D,  Stud  gear;  F,  sand  or  tin 
roller ;  G,  take-up  lever ;  H,  take-up  cam ;  K,  crank  shaft  gear ; 
L,  cam  shaft  gear. 

Calculation.  To  find  the  number  of  picks  given  by  a  train 
of  gears :  Multiply  the  drivers  together,  and  the  drivens  together, 
then  divide  the  greater  by  the  smaller,  and  the  result,  with  1 1  % 
added  for  take  up  or  shrinkage  of  the  cloth  on  the  cloth  roller, 
will  be  the  number  of  picks  per  inch.  When  only  the  train  of 
gears  that  comprise  the  take  up  motion  are  considered  in  the  cal- 
culation, the  result  must  be  multiplied  by  two ;  that  is,  if  motion 
is  received  from  the  bottom  or  pick  cam  shaft,  but  if  the  driving 
gears  on  the  crank  and  pick  cam  shafts  are  in  calculation,  the 
quotient  obtained  will  be  the  desired  result. 

A      C       E       L 
100  X  26  X  60  X  64  51.1 

17X21  X  14.26"  XS'^i  —  ^^^'^  Picks  per  inch.  ^g  amount  of  take-up 

B       D  F  K  51.9  practically  52  picks. 

100  X  20  X  60 
17  X  21  X  14.25"  -  ^^-^^ 


2 

5L10 


lf%  of  take  up. 


51.99     practically  52  picks. 

When  the  motion  is  received  from  the  lay,  or  the  take  up  cam  is 
fixed  on  the  crank  shaft,  the  result  without  being  multiplied  by 
two  will  be  the  number  of  picks  per  inch. 

Most  of  the  makers  of  looms,  arrange  the  train  of  gears  so 
that  the  change  gear  gives  twice  the  number  of  picks  as  there  are 
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teeth  in  the  gear,  namely :  a  40  gear  will  give  80  picks  ;  45  —  90, 
and  so  on.  The  above  train  is  one  of  that  order.  On  some 
makes  of  looms,  the  ratchet  gear  is  the  change  gear,  and  the  num- 
ber of  teeth  determine  the  number  of  picks  ;  a  60  ratchet  giving 
60  picks.  Whether  the  train  is  arranged  as  above  or  not,  it  is 
best  to  have  a  constant  number ;  that  is,  a  number,  when  multi- 
plied or  divided,  will  give  the  picks  or  change  gear  required.  To- 
obtain  the  constant,  proceed  as  in  the  first  calculation,  leaving  off 
the  change  gear. 


A  X  X  X  E      ^  ^  ^^^ 

B  X  D  X  F  ^^  Constant  2,000  or  2 


A  X  X  X  E 

B  X  D  X  F  ~  '2 


Change  gear  X  Constant 
Picks  -^        " 


Picks. 
Change. 


1.966 
.084  amount  of  take-up 

Does  the  constant  obtained  agree  with  the  principle  carried  out  in 
the  tirst  calculation?     Proof. 

We  have  a  26  change  gear.     26  X  2  =  52  Picks.     52  -f-  2 
^26  gear. 


F62 


Fig.  100.     Continuous  Take-Up  Motion. 


Continuous.  Fig.  100  shows  a  continuous  take  up  motion. 
A  is  a  bevelled  gear  fixed  on  the  bottom  shaft,  imparting  motion 
to  a  second  bevelled  gear  B.  On  the  same  shaft  as  B,  is  a  single 
worm  C.     This  is  geared  into  a  worm  gear  D ;  and  through  the 
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open  gears  E,  F,  G,  H,  motion  is  imparted  to  the  cloth  roll  K. 
On  some  looms  there  are  more  intermediate  gears  added,  so  as  to 
carry  motion  up  to  two  or  more  fluted  rollers  that  are  placed 
under  or  above  the  breast  beam ;  but  whatever  is  added,  it  is  simply 
a  continuation  of  the  motion  shown  on  Fig.  100.  A  worm,  is  a 
spiral  thread  gear,  and  resembles  a  spiral  ridge  cut  around  a  shaft. 
A  worm  gear,  is  almost  like  a  spur  gear,  or  what  is  commonly 
called  an  ordinary  gear  ;  but  the  teeth  are  set  slightly  on  an  angle, 
«o  as  to  mesh  more  perfectly  in  the  worm.  A  single  worm 
means,  one  spiral  thread,  readily  determined  by  one  starting 
point.  A  double  worm  means  two  spiral  threads,  determined  by 
two  starting  points,  one  from  each  side  of  the  shaft. 


Fig.  101.     Negative  Take-Up  Motion. 


When  calculating  the  speed  of  a  train  of  gears,  which  re- 
ceives motion  from  a  worm,  the  worm  is  reckoned  as  one,  that  is 
a  one  tooth  srear.     A  double  worm  would  be  counted  as  two. 


Example. 


16  X  30  X  62  X  62 


12  X  2  =  24  Picks. 


30  X    1  X  12  X  26  X  15" 
E  is  the  change  gear ;  one  tooth  on  this  gear  being  equal  to  two 
picks;  so  that  for  30  picks  a  gear  with  15  teeth  would  be  used. 

Negative.     The  negative  motion  is  controlled  by  weight ;  the 
tighter  the  warp,  the  more  picks  there  are  placed  in  the  cloth.     A 
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weight  is  placed  on  an  extended  lever  connected  to  the  driving 
pawl,  and  the  picks  of  filling  are  beaten  into  the  cloth  by  the 
reed;  the  cloth  becomes  loose,  causing  less  resistance  to  the 
weight  lever,  and  as  the  weight  gradually  falls,  the  pawl  drives 
forward  the  ratchet  gear,  and  so  takes  up  the  cloth.  On  high 
grade  goods  that  have  a  large  number  of  picks  per  inch,  also  on 
silk  looms,  it  is  customary  to  have  a  number  of  check  pawls  of 
different  lengths,  so  that  with  the  least  move  of  the  driving  pawl, 
a  check  pawl  will  engage  in  the  teeth  of  the  ratchet.  The  motion 
is  generally  used  when  uneven  filling  is  being  woven;  also  on  woolen 
cloths  that  are  woven  in  looms  with  single  boxes.  When  more  weight 
is  placed  on  the  lever  of  the  take  up  pawl,  the  cloth  will  be  taken 
up  faster.  The  weights  on  this  lever,  should  be  carefully  watched 
and  adjusted  tis  the  warp  decreases  in  size.  Fig.  101  shows  a 
negative  take  up.  This  can  be  used  as  a  positive  motion  by 
adding  a  small  casting,  indicated  by  the  dotted  lines. 
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WEAVING. 

PART    I. 


WEAVING. 


Read  carefully  :  Place  your  name  and  full  address  at  the  head  of  th© 
paper.  Any  cheap  light  paper  like  the  sample  previously  sent  you  may  be 
used.  Do  not  crowd  your  work,  but  arrange  it  neatly  and  legibly.  I)o  not 
copy  the  answers  from  the  Instruction  Paper  :  use  your  oion  words,  so  that  we 
may  be  sure  that  you  understand  the  subject.  After  completing  the  work  add 
and  sign  the  following  statement: 

I  hereby  certify  that  the  above  work  is  entirely  my  own. 

(Signed) 


1.  What    is    the    first    principle    movement    in    weaving? 
Why  should  this  principle  be  considered  when  purchasing  looms? 

2.  Which  would  you  consider  the  best  shedding  cam  for 
all  round  work  ?     Why  ? 

3.  What    are    the     three    essentials    for    good    shedding? 
What  would  result  from  careless  setting  of  these  parts? 

4.  Name  the  parts  of  the  Bat-wing  picking  motion. 

5.  Why  use  a  lubricant  on  heddles?     Which  is  the  best 
for  the  purpose,  tallow  or  oil  ?     Why  ? 

6.  What  is  meant  by  cover  on  cloth?     Is  this  an  advan- 
tage or  not? 

7.  What  is  meant  by  the  dwell  of  a  cam? 

8.  What  is  meant  by  gradually  developed  power  in  the 
picking  motion  ? 

9.  Describe  what  picking  means. 

10.  Describe  the  two  methods  of  fixing  the  picking  stick. 
Which  do  you  consider  the  better,  and  why  ? 

11.  Describe  the  three  different  shapes  of  shoes;  which  is 
the  better,  and  why  ? 

12.  How  would  you  attacli  the  heel  spring  to  obtain  the 
best  results,  and  why? 

13.  How  would  you  set  the  shoe  to  obtain  the  best  results, 
and  why  ? 

14.  Is  there  any  advantage  gained  from  an  oversight  of  the 
heddles  ?     If  so,  what  is  it  ? 
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15.  Why  should  the  warp  yarn  be  drawn  in  the  reed,  so 
that  the  empty  space  at  each  end  would  be  equal  ? 

16.  Name  tiie  diiferent  varieties  of  shedding  cams,  stating- 
the  advantages  and  disadvantages  of  each. 

17.  What  would  be  the  lift  of  harnesses  from  the  following 
dimensions;  full  length  of  treadle  23"  ;  pin  to  treadle  bowl  141"; 
stroke  of  cam  3"  ? 

18.  What  gear  is  required  on  the  cam  shaft,  to  drive  the 
shedding  cams  for  the  following  patterns ;  all  cams  being  fixed  on 
an  auxiliary  shaft? 

1st;  Plahi  ;    34  on  crank  shaft,  68  on  pick  cam  shaft,  and  40  on 

same  shaft  to  drive  the  one  required. 
2nd;  3  end  twill:    34  crank  shaft;    68  pick   cam  shaft;    28   to 

drive  one  required. 
3rd;    5  end   twill:    36   crank  shaft;    72  pick   cam    shaft;    32    to 

drive  one  required. 

19.  Name  the  parts  that  form  the  Cone  picking  motion. 

20.  Give  all  particulars  for  a  set  of  cotton  harnesses  for 
plain  cloth,  to  be  used  with  a  28  reed,  2  ends  in  1  dent,  32  inches 
wide. 

21.  If  you  have  an  extra  set  of  harnesses  the  same  as  those 
in  question  22  :  How  would  you  arrange  them  to  weave  a  cloth 
with  48  ends  to  the  inch,  30  inches  wide? 

22.  How  many  harness  eyes  would  be  required  on  each 
shaft  for  the  following  pattern;  4  end  twill,  32  reed,  2  in  1  dent^ 
36"  in  width? 

23.  What  stroke  of  cam  would  be  required  to  form  a  shed 
for  a  shuttle  1|"  in  height,  2i"  in  width,  when  the  treadle  is  25" 
long,  pin  to  bowl  14.1",  lift  of  harness  5",  fell  of  cloth  to  front 
of  shuttle  41",  fell  of  cloth  to  front  .harness  8"? 

24.  Where  is  the  best  place  to  set  the  cone  in  relation  to 
the  cam,  for  the  best  results  ?     Why  ? 

25.  State  how  you  w^ould  set  the  picking  arm  in  relation  to 
the  sweep  stick,  and  why  ? 

26.  Why  use  judgment  in  the  purchasing  of  looms?  What 
particular  point  must  be  kept  in  mind? 

27.  What  relation  does  tlie  treadle  bowl  have  to  the  cam? 
What  occurs  from  a  disproportionate  bowl? 
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28.  What  stroke  of  cam  would  be  required  to  give  a  5"  lift 
of  liarnesses,  treadle  28"  in  length,  pin  to  treadle  bowl  14.1"? 

29.  Which  pick  motiou  is  preferable;  the  gradually  de- 
veloped power  motion  or  the  suddenly  applied  motion?  Why? 
Give  fidl  reasons  for  your  answer. 

30.  There  are  three  kindtj  of  picking  dogs ;  which  do  you 
prefer  and  why? 

31.  Describe  liow  j^ou  would  set  the  picking  connections, 
giving  reasons  for  setting  them  that  way. 

32.  How  would  you  set  the  ball  in  relation  to  the  shoe? 
Why? 

33.  Describe  the  action  of  the  harness  motion  in  forming 
the  shed. 

34.  Is  it  ever  necessary  to  change  the  cams  for  others  with 
greater  or  smaller  amount  of  stroke  ?     If  so,  when  and  why  ? 

35.  Give  a  description  of  the  Way  in  which  a  shedding  cam 
is  constructed. 

36.  Name  a  few  defects  from  disproportionate  pick  cams, 
points  and  cones. 

37.  How  would  you  run  a  shuttle  from  the  box,  to  obtain 
the  best  results?     Why? 

38.  When  setting  the  pick  stand,  what  particular  point  re- 
quires attention,  and  why  ? 

39.  Construct  a  cam  with  the  following  dimensions  to 
weave  a  3  end  twill;  Centre  of  shaft  to  nearest  point  of  contact 
1|",  radius  of  bowl  1",  stroke  of  cam  3",  i  dwell. 

40.  Why  have  one  cam  larger  than  the  other?  Which 
treadle  would  the  larger  cam  work  on  ? 

41.  What  would  result  from  an  unequal  size  of  cam  ?  Give 
a  full  answer. 

42.  Describe  the  Avork  performed  by  the  gear  let-off  motion. 

43.  Which  is  better;  a  gear  let-off'  or  a  friction  let-off 
motion  ?     Why  ? 

44.  Describe  the  two  distinct  shapes  of  binders.  Which  do 
you  prefer  and  why? 

45.  What  is  the  distinctive  difference  between  the  con- 
tinuous and  intermittent  take-up  motions? 
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46.  What  is  the  meaning  of  the  terms  mathematical  divi- 
dend and  practical  dividend?     Why  take  note  of  the  latter  ! 

47.  State  the  timing  of  the  cams  for  the  intermittent  take- 
up-motion.      Why  set  it  at  this  time  ?     A  full  answer  required. 

48.  Which  is  better;  to  fix  the  swell  to  act  as  a  check  to 
the  shuttle,  or  give  no  thought  to  the  checking  of  the  shuttle, 
simply  fixing  the  binder  to  work  the  protection  motion?     Why? 

49.  Which  is  the  better  method  of  fitting  the  lay,  adjustable 
or  fixed?     Why? 

50.  How  many  picks  per  inch  would  the  following  train  of 
gears  give,  motion  from  the  pick  cam  shaft: — 100  latchet,  21 
small  pinion,  38  change  gear,  21  pick  sleeve  gear,  56  sand  roller 
gear,  14-|"  circumference  of  sand  roller? 

51.  How  does  the  negative  take-up  differ  from  the  positive 
take-up  ? 

52.  Would  it  be  advisable  to  use  the  negative  on  all  classes 
of  fabrics  ?     Why  ? 

53.  Which  is  the  better,  a  tapered  shuttle  or  a  long  backed! 
shuttle  with  a  shoulder  on  it?     Why? 

54.  What  is  the  constant  number  of  the  following :  — 
Ratchet  126,  small  pinion  IT,  pick  sleeve  gear  21,  sand  roller  gear 
52,  circumference  of  sand  roller  14.|",  motion  from  the  crankshaft? 

55.  Desciibe  the  different  methods  of  fitting  the  binders ;, 
which  method  is  better  and  why? 

56.  What  is  the  meaning  of  the  term  beating  up  ?  What 
kind  of  movement  is  it?     How  is  the  movement  obtained? 

57.  Is  there  any  advantage  in  the  manner  in  use  to-day? 
If  so,  describe  the  advantage. 

58.  You  have  a  train  of  gears  similar  to  those  in  question 
54,  and  you  wish  to  obtain  260  picks  per  inch ;  would  any  change 
have  to  be  made  in  that  train  to  give  the  desired  number  of  picks?' 
If  so,  which  gear?  The  motion  in  this  instance  is  from  the  pick 
cam  shaft.  Give  the  number  of  teeth  in  each  gear,  also  the  change 
gear  required. 

59.  What  work  does  the  take-up  motion  perform?  Describe 
the  train  of  gears  that  form  the  positive  take-up. 

60.  Describe  the  setting  of  the  gear  let  off  (Mason),  also, 
the  parts  and  the  additional  value  of  Fig.  94. 
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